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ARCHIVES OF OTOLOGY. 


THE INFLUENCE OF PILOCARPINE UPON THE 
MUCOUS MEMBRANE OF THE TYMPANUM. 


By Dr. W. KOSEGARTEN, oF KIEL. 


Translated by CHARLES H. May, M.D., New York. 


S is known, Politzer was the first to recommend, 
A at the Second Otological Congress held at Milan in 
1880, muriate of pilocarpine in recent cases of labyrinth 
disease and in syphilis of the labyrinth which had not 
become chronic. In 1885 he communicates the results 
achieved with this remedy (Wzener med. Bl., No. 4), stating 
that in recent cases of syphilis of the labyrinth and also in 
other labyrinth affections which had not become chronic, 
a surprising improvement in hearing often resulted. He 
found that the remedy exerted no effect in hereditary 
syphilis, panotitis, deafness following cerebro-spinal menin- 
gitis, and in the so-called dry catarrh of the middle ear com- 
plicated with disease of the labyrinth. Politzer, therefore, 
considers the application of this remedy limited to recent 
affections, and discontinues its employment if no effects 
ensue after eight or ten days. 

Altogether, these proposals of Politzer seem to have met 
with little favor, for if we peruse the annual reports of 
various ear clinics, we find in most instances that the rem- 
edy is not even mentioned, which would, of course, have 
been the case, had success resulted from its employment. 
Schwartze, who enters into a very thorough discussion of 
the diseases of the labyrinth in his ‘‘ Chirurgischen Krank- 
heiten des Ohres,” only mentions the pilocarpine treatment 
in connection with hyperemia of the labyrinth. Moos and 
Wolf only, speak of several cases in the Zedtschrift fir 
Ohrenheilkunde, in which they made use of injections of 
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pilocarpine in disease of the labyrinth resulting from scar- 
latina. The only one who reports the results obtained by 
. him in this treatment more in detail, is Luce (Realencyclo- 

pede der gesammten Hetlkunde, Bd. xv.), and following 
him Jacobson (Arch. f. Ohrenhk., Bd. xxi., 4). Luce dif- 
fers from Politzer in advising a trial with injections of pilo- 
carpine, even in chronic affections of the labyrinth. Jacob- 
son believes the modus operandi of pilocarpine depends 
upon the reabsorption of any exudation or of unorganized 
products of inflammation existing in the internal ear, by 
means of stimulation of the secretion of sweat and saliva. 
Among the cases cited by him, however, there is one (Case 
4) in which he himself attributes the resulting increase in 
hearing to an improvement of the catarrh of the middle 
ear. He proposes also (page 302) to try the remedy in 
cases in which examination does not justify the certain 
assumption of affection of the acoustic nerve, but in which 
treatment with inflation, etc., is of no value. 

If I indulge in a short contribution to this subject, 
although the number of my observations is but a relatively 
small one—30 cases,—the reason therefor is, that I would 
view the curative result from another standpoint. The 
above mentioned explanation is certainly the most plausible 
one in simple affections of the labyrinth; but to explain 
other cases, I would claim an influence of pilocarpine upon 
the mucous membrane of the middle ear, and would direct 
attention to this. For very soon I had begun to treat with 
pilocarpine, besides acute and chronic diseases of the laby- 
rinth, also chronic processes in the middle ear which 
Politzer calls “dry catarrh of the middle ear complicated 
with affection of the labyrinth,” and with favorable results. 
I did not give up the use of the remedy, however, if no 
result followed ten applications, but in chronic cases, I 
always made it a condition from the very beginning, that 
patients were to subject themselves to a course of treat- 
ment lasting at least six weeks, remembering a case of 
dense opacities of the vitreous which had occurred in the 
eye clinic here, in which a clearing-up had resulted only 
after treatment with pilocarpine had lasted three months, 
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and then this had become complete. This circumstance is 
probably responsible for the fact already mentioned, that 
the number of my observations is not a large one; for 
naturally, people are very reluctant to commence so tedious 
a course of treatment, and I am not even desirous of per- 
suading them, since, to commence with, success cannot be 
promised. This will not seem surprising, if we consider 
that we are dealing in most cases with persons suffering 
from impairment of hearing, who have already become 
very suspicious on account of having tried so much, and if 
we remember, with the lengthy duration of the affection, 
the ultimate result is a very doubtful one. On the other 
hand, for the very reason that I bound patients to a continu- 
ance for a long time, I am better enabled to record results 
in these cases, than is Politzer, who discontinued treatment 
when no favorable effects followed a short duration of em- 
ployment, I kept an action of the remedy upon the mid- 
dle ear in view, and reasoned, that here where we were 
dealing with very old indurations and thickening, improve- 
ment could not result so very soon, and that it was only 
after gradual absorption that we could hope to accomplish 
any thing. 

Where the course of treatment was well borne by pa- 
tients, I injected daily, giving them an average of one cen- 
tigamme. If improvement could be shown after the stipu- 
lated time—and this was generally the case—I continued 
with the same treatment, if patients desired it. Thus, for 
instance, I had a patient undergo two courses of treatment 
of about three months each. She had become affected 
with a high degree of impairment of hearing in the course 
of six years. Deafness exists in her family to a considerable 
extent; a sister of hers, several years her senior, is already 
completely deaf. In the case of this patient also, the pic- 
ture produced by adhesive processes in the middle ear was 
a predominating one. She had been treated repeatedly for 
months by catheterization and injections of solutions of bi- 
carbonate of sodium, chloral hydrate, etc., through the 
Eustachian tube into the middle ear, and also by climatic 
treatment, but without success. The first time she was 
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under treatment for eleven weeks; the hearing distance of 
the better ear for the voice increased from 30 to 500 cm. 
After she had returned to her home for a time, she informed 
me that her hearing had improved subsequently to an ex- 
traordinary degree. As a result of having caught cold 
repeatedly, and of mental emotion, the hearing was reported 
to have again become more impaired. After eight months 
she returned. The improvement had satisfied her to such 
an extent that she was quite persistent in her requests that 
I should begin treatment again. This now lasted three 
months, the injections being omitted only every seventh 
day. It was only towards the end of this course of treat- 
ment that a very marked improvement took place. After 
a cessation of two months the patient again importuned me 
to recommence treatment, so as to advance as rapidly as 
possible. . 

When the patient presented herself for the second time, 
I was very much impressed with a circumstance,—and it is 
for this reason that I have reported this case more in detail, 
in general abstaining from an enumeration of histories of 
cases since I am only concerned in calling attention to the 
following observations. At first, the drum membranes 
were found very white and hazy, and presenting the appear- 
ances of thickening, as is apt to be the case in the so-called 
adhesive processes of the middle ear. But now the left 
membrana tympani appeared very transparent, to such an 
extent even that, at times, the internal wall of the middle 
ear could be seen through it, imparting a reddish hue. In 
the right ear, the worse one, this difference was less pro- 
nounced as compared with former appearances; yet even 
here the anterior segment of the membrane was also trans- 
parent, while the posterior was still very white and hazy. 
The explanation of this remarkable appearance is that, 
through increased circulation in the middle ear resulting 
from the effects of the pilocarpine, the morbid deposits in 
the tissues of the membrana tympani were reabsorbed. 
Accordingly the improvement in hearing was at least par- 
tially referable to the circumstance that, in other portions 
of the middle ear also, the sclerosed tissues, as well as the 
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mucous membrane covering the chain of auditory ossicles, 
and any abnormal adhesions that existed, had been made 
more elastic and yielding through stimulation of the circu- 
lation. There seemed to be even secretion of fluid into the 
middle ear, for the patient informed me that, during and 
after the sweating, she felt a crackling in the ear exactly as 
she had experienced before, after injections of fluids into 
the middle ear with the catheter. Another intelligent pa- 
tient expressed herself very much in the same manner. By 
frequent examinations of the ears of different patients dur- 
ing the action of the pilocarpine, I have endeavored to sat- 
isfy myself of an actual increase in fulness of the blood- 
vessels of the middle ear. Naturally, only patients posses- 
sing comparatively thin and transparent drum membranes 
were adapted for this purpose. I was able to observe it 
very well in a patient, twenty-four years old, who had a 
very transparent drum membrane. In his case the entire 
membrana tympani appeared of a pretty deep reddish color 
as early as six minutes after the injection of two centi- 
grammes of muriate of pilocarpine, and along the handle of 
the malleus there was also a slight reddening. The latter 
continued slight, but, after an additional lapse of five 
minutes, the mucous membrane of .the middle ear could be 
seen throngh the membrana tympani of an intense red 
color. After an additional five minutes the redness began 
to disappear somewhat. By means of the catheter the 
existence of fluid in the middle ear was demonstrated 
twenty-two minutes after the injection. After catheteriza- 
tion the redness had increased somewhat, showing itself 
principally along the handle of the malleus, indicating that 
now the membrana tympani was affected by the hyperemia 
in its most external layers. 

In the case of a boy of eight, in whom the entire drum 
membrane was dull to a certain extent, but somewhat atro- 
phic in the anterior segment, I could see a distinct redness 
through this portion thirteen minutes after the injection, 
and this was still visible at the end of thirty-nine minutes. 

The appearances were similar in a person of twenty, with 
normal hearing and pretty normal drum membranes; red- 
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ness in the middle ear began to decrease forty-three min- 
utes after the injection. 

In the case of a man of twenty-eight, who had normal 
drum membranes and in whom only a moderate amount of 
sweating was produced, the appearance of redness did not 
begin in the anterior segment of the membrana tympani 
until twenty-two minutes after the injection, but then 
became quite intense, and was still visible after thirty-six 
minutes. 

These observations proved, therefore, that the injections 
caused a greater fulness of the blood-vessels of the middle 
ear. In the first case, I was even able to substantiate the 
presence of fluid by means of the catheter, which fluid had 
not been present previously. 

In order to prove the occurrence of secretion in still 
another way, I endeavored to obtain a direct view of the 
mucous membrane of the middle ear. Ina patient suffer- 
ing from otitis media purulenta chronica with total perfora- 
tion of the drum membrane, the boric acid which had been 
insufflated had remained dry for several days, signifying 
that the secretion of pus had ceased. After removal of the 
boric acid by means of air blown into the auditory canal, 
the mucous membrane of the middle ear was found dry and 
partially covered with crusts of alum: the patient had pre- 
viously been treated with insufflations of alum. One centi- 
gramme of pilocarpine was injected. Atthe end of two min- 
utes salivation begins. The crusts of alum become moist, 
and at the end of four minutes present several bright light 
reflexes. At the end of seven minutes, beads of sweat 
upon the forehead; the external auditory canal remains 
dry. At the end of sixteen minutes, a small tampon of 
purified cotton is introduced into the middle ear ;' this occa- 
sions a flapping noise, but removes little secretion. The 
crusts no longer present light reflexes; but after an addi- 
tional lapse of four minutes they reappear. Four minutes 
later the middle ear is wiped out again, and now the tam- 
pon is well soaked. After an additional four minutes, a 
quantity of clear fluid has again collected; and this was re- 
peated after the lapse of seven minutes more. The audi- 
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tory canal remained dry, as it had in the experiments 
already related in which this point received special atten- 
tion, so that it was not possible that secretion from this 
source had flowed into the middle ear. 

Here I may refer to the fact that Wolf observed an in- 
crease of secretion in a case of diphtheritic inflammation of 
the middle ear during treatment with pilocarpine (these 
ARCHIVES, xiv., p. 140). 

After these observations it seems evident to me that in- 
jections of pilocarpine also have a decided influence upon 
the mucous membrane of the middle ear, and therefore in 
chronic processes of the middle ear, accompanied by affec- 
tions of the labyrinth, this remedy acts not only upon the 
internal ear, but that it can also exert a favorable influence 
upon the middle-ear process. By means of returning hyper- 
emia, which may even cause exudation, there ensues plia- 
bility of the sclerosed tissues, and moistening and softening 
of adhesions, and in this way the unyielding conducting 
apparatus again becomes more capable of vibrating; where 
exudations had become deposited, their absorption was 
brought about, as could be observed in the membrana tym- 


pani of a patient. The reason Politzer found the remedy 
inefficient in these affections was because he discontinued 
treatment too soon, for in these chronic processes we can- 
not accomplish any thing except by long-continued action. 









A CASE OF FOREIGN BODY IN THE MIDDLE EAR. 


By ELIZABETH SARGENT, M.D., or SAN FRANCISCO. 
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N the 5th of March, 1886, a boy from an interior 

town, aged nine years, was brought by his mother 
to the Children’s Hospital, in San Francisco, with the fol- 
lowing history : 









On October 21, 1885, he amused himself by pushing a canna 
seed into each ear. (The seeds of the canna indica, blackish- 
brown in color, smooth, somewhat oval, and on an average 6 mm 
in the long diameter.) The next day he went to a physician, who 
looked into the left ear, and sent word to the parents that there 
was nothing in it. The family thought the seed had fallen out, 
but some friends urged the advisability of having another examina- 
tion, so the mother went with the boy to the same physician. He 
examined the left ear again, and saw the seed plainly as far in, ap- 
parently, as it could be. That afternoon, October 23d, the pa- 
tient was chloroformed, and an attempt made to remove the seed 
with a pair of forceps, but the physician soon desisted, saying that 
his instrument was not suitable for the purpose, and he was afraid 
of injuring the ear. There was considerable bleeding. 

On October 28th he was taken to another physician in the 
town, who first tried to work with cocaine, but was finally obliged 
to chloroform the boy to keep him quiet. He used a scoop-like 
instrument, without success, however, and gave up the case. The 
right ear seems to have been overlooked up to that time. 

On the 3oth, a specialist (homceopathic), in a neighboring city, 
was consulted. He syringed the ear, and a small white object 
came out, which was ascertained to be one of the small bones of 
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the ear; which one, was not stated. With the aid of another 
physician, the boy was etherized and examined. They said that 
the drum of the ear was broken, but were sure no foreign body 
was there. The specialist was then asked to examine the right 
ear, which was done. A seed was found in it, which he removed 
without difficulty, remarking that they had been looking into the 
wrong ear. Every one was satisfied with this explanation except 
the mother, who had seen the seed before any attempts had been 
made to removeit. She felt sure it had not dropped out, as there 
had been so much swelling. The discharge soon began again, and 
kept up so persistently as to cause anxiety, for which reason the 
boy came with his mother, on March 5, 1886, to see a specialist in 
San Francisco, The latter assured her that there was nothing in 
the ear. She did not doubt his word, but felt more anxious than 
ever about the discharge, and, concluding to seek other advice, 
came with the boy to the hospital that same afternoon, where the 
ears were examined by.me. 

The right ear was perfectly normal in every respect. 

In the left ear a small quantity of thickened pus was visible on 
the floor of the meatus at its inner end, and above this a reddish 
mass of tissue, resembling granulations. Hearing distance, watch: 
R. E., #43; L. E., #'s. A tuning-fork placed on the vertex 
cranii was heard louder in the left ear. The ear was syringed, 
and inflated according to Politzer’s method, the whistling sound 
usually due to a perforation being heard. On further inspection, 
‘something dark, about the size of a pinhead, could be seen at the 
lower and posterior part of the inner end of the meatus, the 
remainder of the space being filled by the granulation tissue be- 
fore mentioned, which was now bulging outward, and which I 
afterward concluded had sprung from the remnants of the mem- 
brana tympani. The ear was dried, boric acid insufflated, and 
the mother requested to bring the boy the next day. 

On the second day the boric acid, which had remained dry, was 
syringed out and the ear inflated. Upon inspection, a black, 
‘shining surface, about twice as large as on the preceding day, 
showed itself at the bottom of the meatus, a small opening behind 
it being also visible. Upon probing, the object proved to be very 
resistant. After examining the seed taken from the right ear, 
which the mother had with her, I told her I thought it quite proba- 
ble that a similar one was in the left ear, but should wish more 
‘time before expressing a positive opinion. 
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The boy returned home, but came back on March 17th, and 
was admitted to the Children’s Hospital. Instillations of borated 
alcohol, gradually increasing in strength up to absolute alcohol, 
were immediately begun, and in about a week the granulations 
had shrunken so much that the object came clearly into view. 
About 3 mm of it could be seen, including a rounded margin pos- 
teriorly, and behind and above this a small opening, through 
which was visible a pale-red shining surface, resembling the 
mucous membrane of the tympanum. . The anterior part was 
wedged in by the remains of the membrana tympani. Owing to 
the color, resistance, and rounded form of the object, I began to 
feel confident that it was a canna seed, and concluded that it was 
lying in the tympanum, occupying nearly the whole of that cavity. 
My conclusion as to its position was based upon the depth at 
which it lay, the surface presenting outward being 25 mm from 
the external orifice, measured along the inferior wall of the meatus. 
The boy was large for his age, and the canal had a larger calibre 
than is ordinarily found in children nine years old. . 

The next two months were spent in trying various methods rec- 
ommended for removing foreign bodies from the ear. Inflations 
were made almost daily, but produced no effect upon the position. 
of the object; neither did exhaustion of the air in a tube placed 
against the seed, by which means it was hoped that the foreign 
body could be drawn out. The agglutinative method was tried, 
but the parts could not be kept dry enough for that to succeed, 
owing to the constant discharge. Various kinds of fenestrated 
and fine-toothed forceps, as well as the wire snare were given a 
trial, but all proved too large in proportion to the space available 
for applying them. Five-per-cent. solutions of cocaine were used 
to diminish the sensibility of the parts around the seed, and suc- 
ceeded perfectly in that, but did not remove the sensitiveness of 
the meatus. He could not feel the manipulations when care was. 
exercised not to touch the meatus, but whenever the seed was. 
rubbed against the inner wall of the tympanum, he heard a loud 
grating sound that made him very nervous. After instilling cocaine 
it was noticed that the patient was obliged to lie down two or three 
hours on account of nausea and dizziness, hence it was not con- 
sidered safe to use stronger than five-per-cent. solutions. 

After instillations of two-per-cent. and three-per-cent. solutions 
of sod. bicarb., left in the ear an hour at a time two or three times. 
a day, and continued ten davs, the outer covering could be made- 
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to pit slightly with a very sharp needle-like instrument, but could 
not be penetrated. These instillations were stopped because they 
seemed greatly to increase the discharge. While the outer cover- 
ing was in this yielding state, I attempted, with great caution, to 
make an opening with a fine galvano-cautery point, which, how- 
ever, had little more effect than on some seeds bought for experi- 
mental purposes, which resisted that high degree of heat, applied 
for alonger time than would have been safe in the case of the one 
in the ear. The object in making openings was to have some means 
of grasping the seed with fine-toothed forceps in such a way that 
they could not slip. Canna seeds are so hard that they are used 
by the Indians for shooting, and hence are commonly called 
“Indian shot.” 

In consideration of the thinness of the walls of the tympanum, 
and the important structures surrounding it, the utmost care was 
used in all manipulations, It occurred to me that if there could be 
found, or made to order, an instrument with two arms curving tow- 
ard each other at the extremity, fine yet strong, that could be made 
to surround the foreign body, the latter might be dislodged from 
its position and drawn out. Being unable to explain the idea 
clearly enough to local instrument dealers, nothing of the kind 
was found. 

In the absence of unfavorable symptoms it seemed best to let 
the boy go home for a few months, and in case he continued to be 
troubled by the discharge to have him come back, when, as a last 
resort, the ear might be partially separated from the head and the 
various instruments at command be tried again. However, before 
sending him home, I decided to consult with my friends Dr, A. 
Barkan and Dr. Henry Ferrer, aurists of extended knowledge and 
experience. Both agreed as to the necessity of great caution in at- 
tempts at extraction, and thought retention of a foreign body in 
the ear might be less harmful than forcible manipulations ; but 
Dr. Ferrer advised trying carefully once more under the influence 
of ether, and very kindly offered to assist. It being more conve- 
nient for Dr. Ferrer the boy went with me to his office on the 
morning of May 23d, accompanied by one of the hospital nurses. 
After etherization the attempt at extraction was made, fenestrated 
forceps and Spier’s ear-spoon being tried in turn; but the seed 
only revolved, refusing to be dislodged, so that after working for 
some time we desisted. The ear was cleansed, antiseptic dressing 
applied, and the effects of the ether having passed off, the boy was. 
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taken back to the hospital, where ice was applied several hours 
in succession to prevent excessive reaction. There was increased 
muco-purulent discharge for about a week, but very little swelling 
of the meatus. On June 12th, all irritation having subsided, he 
went home. 

Hearing distance, watch, L. E., 4%. Whispered words heard 
at 4 metres. 

Toward the latter part of October, 1886, I received word that 
the discharge had commenced again soon after the boy’s return 
home, keeping up almost without intermission since then, and 
that the mother would like to have another attempt at extraction 
made. I returned answer that after receiving from the East an 
instrument for which I had sent, with which, possibly, more might 
_ be accomplished than when the last attempt had been made, I 

should be ready, and would apprise her of it. The instrument 
sent for was Sexton’s foreign-body forceps, a picture and descrip- 
tion of which I had shortly before seen. These forceps are “ made 
to seize an object by a sliding ring, which glides down over the 
blades to their end, when the handle is pressed by the thumb and 
fingers. Upon the extremity of each blade is one needle-point, 
so set that the forceps can take hold of a presenting surface with- 
out the exertion of any propulsive force. The two blades attached 
to one bar can rotate in the handle, thus allowing an object, when 
in process of removal, to adapt itself to the conformation of the 
canal.” 

While waiting for this instrument, I looked over the catalogues 
of the local dealers to see if there might not be some other instru- 
ment likely to be of service, so as not to be dependent upon one 
alone in this last trial. In searching Folker’s catalogue of instru- 
ments, manufactured by Tiemann & Co., of New York, I came 
across a wood-cut of Allen’s polypus and foreign-body forceps, 
and was much pleased to find an instrument approaching so nearly 
in construction, and surpassing the idea I had had of what was 
needful. Fortunately, Folker had one in stock. Allen’s forceps 
are provided with three slender steel arms curving toward each 
other at their extremities, and opening and closing by means of a 
sliding ring on the handle, which is provided with branches like 
scissors. When the arms are widely separated, they are capable 
of grasping an object 8 mm in diameter. I began to feel more 
confident of success. 

Every thing being in readiness by the first of December, the 
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boy was sent for, and arrived December 4th, when the ear was 
found to be discharging freely. 

On December 6th, extraction with cocaine was attempted with- 
out success, owing to the boy’s inability to keep sufficiently quiet, 
It was therefore determined to place him under the influence of 
ether without more ado. 

The final attempt was made on December 7, 1886, at the Chil- 
dren’s Hospital, Dr. Marcia Gilmore, the resident physician at 
that time, administering the ether. During this period a five-per- 
cent. solution of cocaine was instilled into the ear, with the view 
of contracting the blood-vessels of the tympanic cavity, so as to 


ALLEN’S FORCEPS. 


lessen the bleeding, and thus have the field of vision as unob- 
structed as possible. A small “ bull’s-eye ” lantern was provided, 
in order to procure a strong illumination, and at the same time 
guard against igniting the ether fumes. The patient being ether- 
ized, a nurse held the lantern on the left side of the patient’s 
head, as far away from the ether-cone as possible, at such an 
angle that the light was readily reflected into the ear by a large 
laryngoscopical mirror. Sexton’s forceps were first tried, and if 
the foreign body had been of less unyielding character, would 
have undoubtedly been successful. As it was, the points grasped 
the seed firmly several times, but on attempting to withdraw it, 
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the forceps slipped off each time, bringing away pieces of the thin 
outer covering, which had become brittle and separated from the 
kernel during the last few months of its sejourn in the ear. The 
kernel was as hard as ever, and the removal of fragments of the 
outer shell made little appreciable difference in the size of the 
seed. However, under this altered condition, I resolved to try 
whether the fenestrated forceps and Spier’s ear-spoon, that had 
been previously used, would prove more successful, in view of the 
slight diminution in size of the object. They again proved inef- 
fectual for the purpose. Finally, Allen’s forceps were tried, and 
on the third attempt I succeeded in insinuating the branches be- 
hind and around the seed, drawing them firmly around it by 
means of the sliding ring. After a steady pull the seed was dis- 
lodged from its position in the middle ear and drawn over the 
elevation on the floor of the meatus, after which it came out very 
quickly. The bleeding was so slight that, during the whole course 
of the operation, I was able to see what I was doing, which I con- 
sidered due to the cocaine, and a very interesting fact. The ear 
was cleansed with a two-and-a-half-per-cent. solution of carbolic 
acid, dried with absorbent cotton, and boric acid insufflated. 

On December 22d, the hearing of the left ear was tested, with 
the following result : watch, 7°; ; whisper heard at 475 cm; the 
whisper was low, and quite a number of words containing the 
various combinations of consonants were spoken, the word 
“trunk,” only, not being understood. Words pronounced in a 
moderately loud tone of voice were heard at 675 cm. 

The boy returned home on December 234d, all inflammatory 
reaction having ceased. There had been no discharge for a 
week, and the mucous membrane of the middle ear looked smooth. 
and pale-pink in color. Not one of the ossicles was to be seen. 
From that day up to date, April, 1888, there has been no return 
of the discharge, and also no noticeable difficulty in hearing, as I 
have been recently informed by the mother. 





THE DETERMINATION OF THE ACUTENESS 
OF HEARING.’ 


By Dr. A. BARTH, or BERLIN. 


Translated by CHARLES H. May, M.D., New York. 


N the course of the past year, the propriety of express- 
| ing the results of examinations with the tuning-fork 
in numbers has repeatedly been questioned. Since, as you 
will at once see, the objections which have been raised 
apply not only to examinations with the tuning-fork, but 
similarly to all other methods of testing the hearing, the 
question is naturally of pre-eminent importance to the circle 


most interested—the aurists. Notwithstanding this, I do 
not intend to prolong a tiresome controversy here, but pro- 
pose an interchange of opinions, which, it is to be hoped, 
will be of value to the question of testing the hearing. 
The scanty apportionment of time compels me to be brief. 
Let us then discuss this question: Can we express the acute- 
ness of hearing in numbers, and how shall this be done ? 

If any value is to be expressed in a comprehensible ob- 
jective manner, it can only be done by means of numbers. 
Naturally, at the examination of hearing, these numbers 
must be determined by the power which puts our ear into 
the condition of irritation for hearing—that is, by the in- 
tensity of the acting sound. There are two ways of em- 
ploying intensity of sound as a measure of individual acute- 





1A paper read at the meeting of naturalists, held at Wiesbaden, Sept. 21, 
1887. Literature can be found in great plenty from among the most recent 
attacks upon certain methods of examination with the tuning-fork: On the 
numerical determination of the acuteness of hearing by sounding-out tuning- 
forks, By Dr. L. Jacobson, Berlin. Archiv f. Ohrenheilk., Bd. xv., S. 11. 
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ness of hearing: one is to act upon the ear by a constant’ 
source of sound, the intensity of which is modified by the 
approach or removal of the source from the ear. As an 
example we will take Politzer’s acumeter. The results ob- 
tained with the latter are expressed in simple figures of 
distance, by all examiners. Now, I ask, corresponding to 
the objections which are urged against examinations with 
the tuning-fork, is this correct? Sound does. not decrease 
in an arithmetical progression of a simple numerical series, 
but with the square of the distance, and in inverse ratio, 
therefore, upon approximation. Accordingly, we would . 
have to require that the acuteness of hearing be calculated 
by this law. What I have just said concerning the acumeter 
applies also to the voice; except that in the latter case 
there is a great diversity in the quality of the sound, and 
that. a variation of intensity and pitch is more easily 
effected.’ 

A second method of examination is by the use of sound- 
ing-out bodies; these are always held at the same dis- 
tance, and as close to the ear as is possible.* Here, too, 
there is a dependence upon the minimum intensity which 
is still audible. But while in the previous example, the 
degree of irritation was expressed by distance, that is, by 
relative space, it is designated in this case by the ¢zme during 
which the bodies in question remain resonant; that is, the 
examination of the capacity for perception of tones. Theo- 
retically, there is absolutely no reason why, in these cases 
also, the examination should not be conducted by bringing 
a constant source of sound nearer or farther from the ear. 
Nevertheless, the duration of time and not the distance has 
become adopted as a measure for tones; we do not seem 
to be aware of the actual reasons for this. But here again, 





1 The specification of absolutely definite size can only be understood as ap- 
plying theoretically ; for practice, this is reduced to those which vibrate within 
certain limits of error. 

2 The correctness of the physical laws which enter into the consideration of 
the question of tests for hearing, cannot be doubted ; and we are justified in 
applying them to the conditions under examination. Any possible sources of 
error which this may occasion can only eccur within limits which, practically, 
do not need to be considered. 

3] will not enter upon the special precautions attending the examination. 
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as far as numbers are used, the results are expressed in 
simple figures representing the duration of the vibrations, 
although resonant bodies do not diminish their vibrations 
in arithmetical, but in geometrical’ progression, and al- 
though, moreover, the intensity does not diminish equally 
with the amplitude, but with the square of the same; so 
that, from all appearances, this method of expression is en- 
tirely wrong from a mathematical-physical standpoint. 

There still remains a third method of testing the hear- 
ing, which might be resorted to; that is, to obtain definite 
values by the interposition of non-conductors. But since 
_ the last method is found in practice only to an extent 

scarcely worth mentioning, and does not differ in its physi- 
cal relations from the preceding, we may pass it by. 

So much for the facts concerning practical examination 
and physical requirements. If now, we consider in what 
manner the different methods of testing the hearing have 
arisen, it will be evident that scarcely any one thought of 
the requirements which a strict physicist might insist upon. 
There was simply a search for methods which sufficed for 
practice. And the fact that the methods which have been 
enumerated have come into general use without any essen- 
tial protests, is sufficient evidence of their utility. Weare 
dealing then originally, with purely empzrzcal methods of 
examinations. As a practitioner, I would defend these 
notwithstanding, as long as they give us sufficient repre- 
sentation of the acuteness of hearing to be tested, espe- 
cially if physics is unable to offer a substitute; for those 
who raise objections have not yet been able to offer any 
thing better. As a result of their views, we would be 
placed in the “scientific’’ position, of being unable to 
make use of any test for hearing at all until further devel- 
opments. 

This position of the dull practitioner is somewhat pecu- 
liar, and sounds somewhat strange. But, as a matter of 
fact, theory does not suffer as much as would seem from a cur- 
sory observation. I am convinced that methods which are in 





1 According to the latest investigations, the objection of Hensen’s Hermann’s 
““Handbuch der Physiologie,” Bd. iii., S. 120, is a weak one. 
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opposition to the simplest scientific principles, would not 
succeed in being adopted in practice. Here, as is so often 
the case in therapeutics, practice had anticipated theory. If, 
in the one case, we designate the acuteness of hearing by 
numbers representing the distance, and in the other case 
representing the time indicated by the duration of the 
vibrations, then we give it exactly the value which the 
change in the degree of intensity warrants; for all other 
values under consideration remain the same. Permit me to 
illustrate this with an example. I will purposely select the 
disputed point, the test with the tuning-fork. 

Let us take, just as with the acumeter, a constant commen- 
cing amplitude A, as is presupposed for examinations with 
the tuning-fork; let a, on the other hand, represent the 
maximum amplitude, beyond which point the normal ear 
is incapable of perception—that is, corresponding to the 
energy for perception neutralized by resistances existing in 
the normal ear; then, from the two given amplitudes, the 
following equation results: 

A <2 ee”, 
in which the second side of the equation is evolved simply 
from the geometrical series of audible amplitudes : 


ad ad’ a 5 «+ « «+R ao i ois OS 


A is presupposed to be the known constant, also a to be 
the threshold value of irritation for a normal ear, s is found 
by the height of the tones, t is found by observation ; con- 
sequently d, the only unknown quantity of the equation, is 
easily solved. Therefore the entire series is known through 
the given values. The study of the series and the equa- 
tion shows, in addition, that if I wish to ascertain any 
member of the series, all given values remain the same, and 
it alone—that is, the duration of the vibrations—becomes 
changed; and this occurs in such a manner, that if, for 
instance, you take 3, you obtain the amplitude corre- 
sponding to an excursion of 4 of the consumed time of 
vibration. If you still wish to take into consideration the 





1 Meaning: d, the decrement between one vibration and the next; s, the 
number of vibrations per second ; t, the duration of the vibrations, in seconds. 
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fact of the intensity being equal to the square of the am- 
plitude, you can square both sides of the equation, yet the 
value of t remains the same. I believe that this is suffi- 
cient even for the requirements of theory, concerning the 
amplitude as well as the intensity of a tone, and that we 
are fully justified in expressing with these, a definite acute- 
ness of hearing, by numbers derived from the duration of 
resonance of a tuning-fork. 

What I have just discussed relative to time, also applies, 


in like manner, to the test with distances,—from the for- 
mula i = J, 

Here there still remains the discussion of the question: Is 
it more correct simply to express the acuteness of hearing, 
found in this manner by the number of seconds or by the 
distance which is found in the examination of any particu- 
lar ear, or would it be better to express the value by the 
relation of this number to that of the normal ear? Here, 
again, it will be well to make use of an example: A tuning- 
fork ceases to be heard by a normal ear (from A to a) after 
100 seconds, by a pathological ear (to a’) after 60 seconds. 
Is it sufficient to express an acuteness of hearing of 60 or 
of —4o for the latter? If the examination always be con- 
ducted with the same tuning-fork, certainly ; for the exam- 
iner will always associate this number with the normal 
duration of the sound, whether he does it consciously or 
not. From this there follows at once, that the number 100 
must not be missing from a complete statement of value. 
Then naturally the simplest plan would be to express the 
acuteness of hearing as 559, or —349,. Such a complete state- 
ment would at the same time, in publishing, dispose of the 
necessity of giving the duration of sound of the special 
tuning-fork ; for if A anda remain the same the ratio of 
numbers which express the acuteness of hearing will also 
be the same, without reference to whether a tuning-fork 
ceases to vibrate after a longer or after a shorter period. 
This practical method of expression would also remove a 
technical difficulty by doing away with the necessity for 
constructing tuning-forks so that they vibrate equally long. 

Furthermore, in a scientific examination of methods of 
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testing, the difference between physical and physiological 
occurrences warrants great consideration. We wish to 
measure the latter, and the former serves as a scale for this. 
It must be taken into account, therefore, that there exists 
a difference between amplitude and intensity respectively, 
in a physical sense, and between these as we experience 
them. The practitioner is permitted to pass over this 
petty question. For him it is sufficient to know, that a 
positive correlation must exist between physical and phy- 
siolégical intensity. If then, when we test the hearing, we 
express it in simply progressive numbers, I assert that this 
corresponds entirely with our perception. No one would 
be able to form an idea of the znxtenstty of the perception 
from the complicated physical numerical ratio of amplitude 
and intensity ; and after all, the former is what is wanted. 

In closing this short discussion, let us review the points. 
which must be taken into consideration with every practi- 
cal test of hearing: ‘ 

I. A physically exact test for hearing is excluded by the 
needs of practice: 

(2) because the physical principles necessary for this 
are as yet too imperfect ; 

(4) because too little is known of the relations between 
physical and physiological occurrences ; 

(c) because the inequality of instruments and of ex- 
ternal circumstances do not allow us to work with 
absolutely definite and constant values. 

II. The method of expressing the acuteness of hearing 
in numerical values of amplitude or of physical intensity 
has absolutely no value for us: 

(a) because tests of hearing, complicated in themselves, 
would be rendered still more unintelligible by 
such observation and calculation ; 

(4) because, on account of the difficulties mentioned 
above, the given values would have, at best, no 
more claim upon accuracy, than already exists 
with our methods; 

(c) because we would get absolutely no idea of inten- 
sity of the perception from the resulting num- 


bers. 
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III. The methods now employed of recording the acute- 
ness of hearing in simple numbers representing the distance 
and the time of hearing respectively, are, up to the present, 
the most useful : ' 

(2) because they are relatively simple; 

(4) because they are as accurate as other methods, and 
have a scientific foundation ; 

(c) because we can obtain a very good idea of the in- 
tensity of perception from these simple numbers. 

It is unfortunate that now, after so many tedious investi- 
gations for the elaboration of methods of testing the hear- 
ing have been made, there should be any shaking of the 
very foundation of these. It is perfectly clear to every one 
who is occupied with examinations of hearing, that there 
is still many an acoustic question, both physically as well 
as physiologically, which must be answered before we can 
apply an adequate and scientific explanation to all phe- 
nomena; but I doubt whether this will occasion a great 
revolution in practical methods of examination. What we 
have the greatest need for in practice at the present time 
is, according to my opinion, to bring about an agreement 


among separated sections, upon the methods of testing the 
hearing. Since it has not been possible for any one to accom- 
plish this individually, every newly appearing article even 
awakening new consideration, I propose that a commission 
be elected, who shall investigate the question of testing 
the hearing and especially the test with the tuning-fork, 
and who shall give us a report of their work next year. 





THE GRAPHIC REPRESENTATION OF THE RE. 
SULTS OF THE TUNING-FORK TEST. 


By A. HARTMANN, or BERLIN. 


(Abstract by H. Knapp.) 


N this second article, which is of a controversional na- 
| ture, Hartmann defends very forcibly his former posi- 
tion against the objections of Jacobson, the chief of Lucae’s 
aural clinic at the University of Berlin. By some series of 
observations he shows that the results obtained with differ- 
ent tuning-forks that are put in vibration by being struck 
with the hand, are, if the mean of three experiments is taken, 
just as accurate as those obtained with tuning-forks that 
are made to vibrate by a mechanical striking apparatus. 

In the second place, he cites A. Koenig, the first assistant 
to the chair of physics (occupied by H. v. Helmholtz) at 
the University of Berlin, as confirming his opinion that it is 
perfectly proper to express the hearing acuteness of a pa- 
tient numerically, by comparing “ his clang-time ” (Klangzett, 
z.¢., the duration of perception of the sound of a tuning- 
fork from the moment it is struck until it dies out) with the 
clang-time of a normal-hearing ear. This determination 
by tuning-forks with the same pitch and the same initial am- 
plitude, is independent of the logarithmic decrement of the 
vibrations of the forks. 

For details the reader is referred to Hartmann’s paper in 
the previous number of these ARCHIVES (vol. xv., p. 236, 
etc.). 

116 





TUNING-FORK TESTS. 


By Dr. H. STEINBRUEGGE, or GIESSEN. 


Translated by J. A. SPALDING, M.D., of Portland, Me. 


ESPITE the laborious and untiring efforts of many 
D otological colleagues to establish the diagnosis of 
diseases of various regions of the ear with the aid of the 
tuning-fork, many dark points still remain unexplained. 
Indeed it often seems doubtful whether the prize sought 
for is worth the time and labor consumed, and whether 
there is the least chance of accomplishing our purpose by 
following the paths that have so far been opened before us. 
In my eagerness to assist in some sort of a solution, I 
venture to offer a few personal thoughts which, for all I 
know, may already be entertained by others, but which 
I have thus far kept to myself, because they opposed the 
present drift of opinion, and ran contrary to classical tra- 
ditions. 

The first question demanding an answer is this: Is the 
anatomical subdivision into an external, a middle, and an 
internal ear, suitably adapted for a classification of the dis- 
eases of this organ? And my answer is: Yes, in some re- 
spects; but no, in others. 

So long as the present classification of ear diseases is 
maintained, we must bear in mind that although the ana- 
tomical division into three parts may be justifiable from de- 
velopmentary laws, or for greater ease of observation, yet 
any division of disease according to the space that it occu- 
pies cannot be other than forced and artificial. Looking 
from this point of view, we shall scarcely dare to expect 


117 














118 A. Steinbruegge. 


that there are physical laws which were foreseen, as it were, 
by nature, to suit our artzfictal and systematic subdivision of 
diseases. And yet we must add here, that tuning-fork ex- 
periments upon the diseased ear have given much cause 
for the origin of such errors. 

The next question is: If we insist upon distinguishing 
between diseases of the middle and of the internal ear, where 
shall we draw the boundary line? The natural boundary is, 
of course, the labyrinthine wall; but this belongs to both 
regions in common,—to the tympanum as well as to the in- 
ternal ear. And as for the membranous windows of this 
wall, we may perhaps be able to distinguish ztiologically, 
whether pathological alterations are due to primary disease 
of the tympanum, or to that of the internal ear; but when 
permanent alterations, such as thickening, ossification, or 
deposits have established themselves at these points, I 
doubt if tuning-fork tests can tell us whether these altera- 
tions lie on the tympanic side, or on the labyrinthine side, 
or in the middle of the wall. 

I think that, in the place of an anatomical classification, 
we ought to substitute a physiological one, which distin- 
guishes between the conduction and tlie perception of 
sound. But here arises another question: Do the ideas of 
the anatomical and physiological subdivisions of the ear co- 
incide? According to views once prevalent, the conduction 
of sound ceased at the plate of the stapes, and the physio- 
logical idea coincided with the anatomical; but there is 
hardly any need of reminding ourselves, that the waves of 
sound transmitted by the movements of the plate of the 
stapes to the perilymph of the vestibule are further con- 
ducted into this fluid and through it, so that with our idea 
of the “ sound-conducting apparatus ” we are already well 
into the middle of the labyrinth. Hence any alterations in 
the labyrinthine periosteum, or in the adjacent bone, or in 
the saccular membranes, or in the perilymph and endolymph, 
would have to be classified under the head of diseases of 
the “ sound-conducting”’ apparatus. Still further, we might 
discuss whether the fibres of the zona pectinata of the coch- 
lea are to be counted amongst the conducting or among the 
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percipient element of the “apparatus.” In my opinion, 
they belong to the “conducting” portion, because they 
simply perform a mechanical movement by which the 
terminations of the nerve are excited. Hence, to speak 
accurately, the “perceiving apparatus’’ only begins at 
Corti’s organs, presupposing that the latter really receive 
the terminal nerve fibres of the auditory nerve. 

This point too has received scarcely any mention of late, 
except in Dennert’s paper,’ in which the membrana basi- 
laris, including Corti’s organs, is regarded as part of the 
nervous apparatus. But if this subdivision is dependent 
merely on subjective opinion, it seems useless to formulate 
any legal rules in this respect. I believe, too, that my read- 
ers will agree with me, that the ideas ‘‘ labyrinth,” “ inter- 
nal ear,” and “ perceiving apparatus,” do not coincide, when 
I also point out the difficulties which prevent a sharp limita- 
tion between diseases of the sound-conducting and of the 
sound-perceiving portions in a pathologico-anatomical re- 
spect. 

Weber’s experiment seemed, till lately, to offer some 
support in favor of a sharp distinction between diseases of 
the middle and of the internal ear. But it had long since 
been remarked by Lucae, that bone-conduction gave but 
little assistance to the diagnosis of ear disease, ‘“ because 
the same pathological alterations in bone-conduction may 
be observed even when different parts of the ear are af- 
fected.” Lately this author has again spoken’ of hearing 
the fork better in the worse ear: “I have not thought 
much of this symptom for years, having long since been 
satisfied, from clinical and anatomical investigations, that 
IT DOES NOT PROVE THAT THE INTERNAL EAR IS INTACT.” 

The number of voices decrying the value of Weber’s ex- 
periment in its former sense is on the increase. Jacobson,” 
after describing an injury of the labyrinth, agrees with 





1 Archiv. f. Ohrenhikde., Band xx., S. 5. 

® Archiv. f. Ohrenhlkde. Band xxiii., S. 125. 

8 Archiv. f. Ohrenhlkde., Band xxi., S. 299. ‘‘ If we consider these facts un- 
prejudicially, we shall hardly help believing that increased bone-conduction 
may be caused not only, as most authorities assert, by diseases of the sound- 
conducting apparatus, but dy pathological alterations in the labyrinth, or other 
conditions, hitherto unknown.” 
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Lucae’s theory. Schwartze’ also found the bone-conduc- 
tion louder than the aérial in a probable traumatism of 
the labyrinth. He also speaks of deafness after injury to 
the head, in which the fork was heard better by bone- 
conduction in the injured ear. 

In one of these two cases, the sound-conducting appara- 
tus was absolutely intact. Schwartze also speaks thus of 
the better perception of the fork in the ear that is more 
diseased of the two, or in the ear alone affected. ‘‘ This 
excludes total paralysis of the auditory nerve, but it does not 
prove that the labyrinth 7s intact,” and then adds a case of 
deafness after necrotic exfoliation of the cochlea in which 
the patient referred the bone-conduction to the ear that 
had lost its cochlea.* Bezold also reports a case* of laby- 
rinthine disease during abdominal typhus, in which, never- 
theless, the fork was distinctly heard by bone-conduction. 

These examples might be multiplied, but the mere men- 
tion of observations by these most competent men is 
sufficient to prove that Weber’s experiment upon the ds- 
eased ear can no longer be regarded so highly as of old, ina 
diagnostic point of view. 

In order to show what I think of the value of these 
tests by aérial and by bone-conduction, I must refer to some 
well-known facts concerning Weber’s experiment: 

This, as is well known, originally referred to the behavior 
of the zormal ear when the meatus was closed or covered in 
such a way that a space for resonance was formed. The 
fact, still enigmatical, that the fork is heard by bone- 
conduction in the closed ear better than in the other, may 
be due exclusively to physical causes,—to an increased re- 
verberation. The total loss of perception in the open ear, 
as observed by many, is also unexplained; a preponder- 
ance of sound in the closed ear cannot possibly cause total 
loss of sensation in the other. 

Next, the fact that the fork is heard better in the diseased 
ear is similarly referred to physical laws: “The escape of 





1 Archiv. f. Ohrenhlkde., Band xvii., S. 117. 
2 “* Lehrbuch der chirurgischen Krankheiten des Ohres,” S. 332. 
® Archiv. f. Ohrenhlkde., Band xxi., S. 15. 
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sound is obstructed, and those waves that cannot escape 
cause the increased sound.” While in morbid conditions 
of the external meatus this explanation‘ seems satisfactory, 
in many a disease of the drum-head its acceptance would 
be opposed; and the justification for this opposition in- 
creases when we find that the fork is also better heard by 
bone-conduction in many cases of labyrinthine disease. 

Bartsch was the first’ to express his amazement that an 
ear diseased in its conducting apparatus and an artificially 
occluded ear “should both be thrown into the same 
category, although the conditions are so entirely different 
that we have no right to range them side by side without 
further argument.” 

I do not know if this remark has been sufficiently ap- 
preciated, but it may possibly have had something to do 
with the recent discredit of Weber’s experiment, and the 
preference given to that of Rinné. 

But as Bartsch further sought for a purely physical ex- 
planation of the problem, and thought that he had dis- 
covered one, I cannot, in turn, refrain from expressing 
amazement that in explaining the better perception of the 
fork by the diseased ear, no one has ever considered any 
thing but the physical action of the wave of sound,—the 
increased mechanical irritation of the nerve; while, on the 
contrary, the condition of the sound-receiver—the physio- 
logical condition of the auditory nerve (in other words, 
its irritative condition)—has been entirely overlooked. Vow, 
could not both of these conditions existin the diseased ear ? 
Might not hyperesthesia of the audttory nerve be the chief 
reason why the sound of the fork ts prolonged by bone-conduc- 
tion ? 

It is scarcely credible that this question has never urged 
itself upon other observers, but it seems as if the preva- 
lent doctrine of the limitation of the ‘‘ sound-conducting ” 
and of the “sound-perceiving ” apparatus, and the belief 
that the latter is intact in middle-ear diseases, must have 
suppressed thought or stifled discussion concerning it. 
The only paper bearing on this point was one by Gellé at 





1 Monatsch. f. Ohr., 1885, No. 10, S. 800. 
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the Third Otological Congress, where the fourth thesis 
read: ‘‘Sensorial hyperesthesia alone may cause the 
tuning-fork upon the vertex to be heard in one ear or the 
other.” Gellé, however, seems to have imagined that 
hyperesthesia was present simply because the labyrinthine 
pressure was increased. And in his next thesis he returned 
to Weber’s experiment to prove that the stirrup and laby- 
vinth were intact. 

My hypothesis for explaining many hitherto enigmatical 
symptoms in the simplest way is as follows: 

1. If we hear the fork by bone-conduction better in the 
diseased ear, or in the ear the more diseased of the two, one 
auditory nerve must be more sensitive (hyperzsthetic) than 
the other to the waves of sound that are conducted by the 
cranial portion of the bone-conduction. 

2. This hyperesthesia is most distinctly observed in 
fresh cases, no matter whether the disease is located in the 
middle-ear or in the labyrinth. If the disease lasts longer, 
the excitability of the nerve sooner or later decreases and 
falls delow the normal. The latter is also seen in old age, 
and may be due to degenerative processes which, in the 
widest sense of the word, affect the auditory nerve. The 
bone-conduction is then correspondingly less intense and 
shorter. 

3. The frequency of morbid changes in the sound-con- 
ducting apparatus (which extends into the internal ear) 
explains why the hyperzsthesia is rarely noticed by aérial 
conduction. 

These formule, the proof of which I shall offer later, ex- 
plain in the simplest way the results of Weber’s experi- 
ment, as well as the more complicated conditions of Rinné’s. 
The tuning-fork experiment, no matter whether Weber’s or 
Rinné’s, is no longer used to justify an artificial separation 
of diseases within an organ that is small in extent and 
single in function, but chiefly to verify an equally important 
point, the excitability of the “perceiving apparatus.” 

Before demonstrating the formule, it must be premised 
that, so far as the healthy ear ts concerned, the bone-conduc- 
tion is cranio-tympanal. But since a vast majority of aural 
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diseases originate in the tympanum, the latter’s share in the 
conduction must be reduced to a minimum. For the same 
obstacles that obstruct aérial conduction, e. g.,anomalous ten- 
sion of the Mt, thickening of the mucous membrane in the 
region of the windows, ossification of the stirrup-ligament, 
etc., will weaken or destroy the tympanal bone-conduction. 
Hence the difference between healthy and morbid condi- 
tions ought to be emphasized. If anybody can at all times 
discover and satisfactorily demonstrate physical increase of 
the tympanic bone-conduction in tympanic diseases, we 
shall be thankful; but till then the idea that I have sug- 
gested seems much more natural and simple. 

In discussing this question, therefore, we shall be referred 
for the most part to the cranial portion of the bone-con- 
duction, the waves of sound appertaining to which pass 
directly to the labyrinthine fluid and cause it to vibrate. 
According to my views, these waves strike what is still a 
part of the sound-conducting apparatus, namely, its fluid 
portion. I do not object to the assertion that these vibra- 
tions must be molecular, for if, according to the prevailing 
theories, molecular vibrations can start from the vertex and 
excite vibrations in the J/¢ and ossicles ex masse, I fail to 
see why the perilymph, which is directly in contact with 
the bone, may not equally be excited by the same molecular 
movement propagating itself in the same bone. 

Sooner or later we should find obstructions to conduction 
even in this fluid portion of the sound-conducting appara- 
tus; and then would arise the question whether the nerve 
itself or its cellular terminations can be excited by molec- 
ular vibrations while extending into the modiolus and lam- 
ina spiralis ossea. 

The chief support that I have found for hyperesthesia of 
the ear is in v. Ziemmsen,’ where he says: ‘Auditory hy- 
peresthesia is the condition most generally discovered in 
diseases of the ear. The normal formula is generally ob- 
tained in simple increased sensibility, ov can be readily pro- 
duced with slight increase of current. Persons with DISEASES 
OF THE MIDDLE EAR OR LABYRINTH so accurately and so 





1“ Die Electricitaet in der Medicin,” 5te. Auf., S. 336. 
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constantly report the specific sensations of sound, when 
galvanically tested, that it is impossible to doubt the legiti- 
macy of the phenomenon.” It would therefore seem a 
thankful task to test these conditions carefully, and to com- 
pare the electrical excitability of the auditory nerve with 
the result of tuning-fork tests in diseased ears.’ 

I hold that the “nervous apparatus” is affected when 
subjective noises and vertigo are noticed, no matter whether 
the original affection starts from the tympanic apparatus or 
the labyrinth. This auditory nerve in most of the fresh 
cases will be hyperzsthetic, and the fork will be heard 
louder by bone-conduction in the affected ear, not because 
the middle ear exclusively is affected, but because the sound- 
perceiving apparatus ts constantly affected at the same time. 

If, however, we leave aside the disputable theory of in- 
creased intra-labyrinthine pressure, it will not be difficult 
in another series of middle-ear affections (the acute cases 
of tympanic inflammation) to show that the internal ear, 
“the nervous apparatus,” is frequently affected. No one 
will deny that the inflammation, or the hyperemia which 
accompanies it, may not in certain circumstances extend 
into the labyrinth; but opinions vary concerning the fre- 
quency‘of this occurrence, and, so far as I know, the chief 
opinion is that labyrinthine hyperemia and tympanic in- 
flammation are rarely associated. The chief reason cited 
is that the circulation of the two regions is distinct; but I 
think that here, too, the interpretation of Weber’s experi- 
ment has been regarded as altogether too decisive. And 
as for distinct vascular systems, we reply that capillary an- 
astomoses may exist here as well as elsewhere in the body, 
and that they have actually been demonstrated by Politzer. 
Furthermore, we must remember that labyrinthine hyper- 
zemia may have been present during life, though not macro- 
scopically visible at the autopsy, and that microscopic ex- 
aminations of the ear are still in their infancy from this 
point of view. 





1 Six cases reported by Erb (these ARCHIVES, vol. i., part I, p. 266) exhibited 
the hyperesthetic formulz. According to Brenner, auditory torpidity is rare, 
whilst the nerve is easily excitable in diseases of the sound-conducting appa- 


ratus. 
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Finally, late investigations show that the extension of 
morbid poisons and infectious substances is no longer 
exclusively confined to the vessels, for we know that these 
substances may enter at the inter-fascicular spaces and nu- 
trient canals, and thenée excite hyperemia. 

The “nervous apparatus,” it should next be remarked, 
extends quite out to the tympanum, for the fibres of the 
cochlear nerve, which probably serve to perceive the 
highest tones, run closely alongside the membrane of 
the round window, where the lamina spiralis and the 
membrane converge till there is only 7, mm. between 
them (Hensen). In addition, the fibres of the utricular 
macula lie directly behind the upper margin of the oval 
window. Therefore it is difficult to believe that hypere- 
mia and inflammation of the tympanic membrane would 
terminate at this very spot, just to please an artificial sys- 
tem, and substantially leave intact all the nerves that lie 
in that neighborhood.’ On the contrary, I find that the 
anatomical relations support the theory that the nervous 
apparatus is generally hyperesthetic during tympanic 
inflammation. 

The frequency of this condition may also be supported 
by various reported cases of reflex excitation of the audi- 
tory nerve from irritation of peripheral portions of the ear. 

Politzer, e. g., speaks of “subjective sensations of hear- 
ing,” with furuncles in the meatus, and refers the noise to 
reflex irritation of the auditory nerve transmitted by 
branches of the fifth pair. Schwartze also thinks that there 
can be no doubt that subjective sounds may depend on re- 
flex irritation of the auditory nerve. 

We may fairly assume that the auditory nerve in periph- 
eral diseases of the ear participates in the disease of the | 
tissues which surround it, and in which it performs its func- 
tions. In the same way, in peripheral diseases of the eye, 
we witness excessive photophobia—in other words, irritation 
of the nerve, though the retina is not at all involved. In 





1 Others may agree with me in this respect. Knapp (Zettsch. f. Ohr., 
Band ii., S. 293) expresses similar views concerning the frequency of laby- 
rinthine hyperzemia in diseases of the middle ear, and argues that such an oc- 
currence is by no means rare. 
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this sense, then, 1 would assert that the auditory nerve 
is probably hyperesthetic in a large number of aural 
diseases that cannot possibly be called ‘‘ nervous”; so 
that in this way the fact of hearing better by bone-conduc- 
tion in the diseased ear, or the one the more diseased, would 
be at least simply explained. 

I would next like to refer to Schwabach’s interesting ob- 
servation in connection with Rinné’s experiment. This 
author discovered that the ¢zme during which the fork was 
heard by bone-conduction was prolonged in diseases of 
the sound-conducting apparatus, and confirmed it in 94 
per cent. of those cases which gave both negative and pos- 
itive results with Rinné’s experiment.’ He also discovered 
in affections of the sound-perceiving apparatus, that the 
fork was not heard quite so long as before, but fully as 
long as by the normal ear. 

He does not offer any physical explanation of this phe- 
nomenon, and, indeed, one that would fit every case would 
be hard to find. On the contrary, it is very alluring to 
refer this prolongation to hyperesthesia of the auditory 
nerve. It would be easy, ¢. g., to imagine that the weaker 
vibrations of the fork as they die away and cease to excite 
the normal nerve by bone-conduction, might still excite a 
sensation in,the hyperzsthetic nerve.? In my opinion, the 
time during which the fork is perceived by bone-conduc- 
tion might be prolonged in recent labyrinthine diseases, 
according to the same principles by which the tone is 
shortened by bone-conduction the moment that the en- 
ergy of the auditory nerve has decreased from long contin- 
uance of disease (Schwabach), or that the structure of the 
nervous apparatus has become injured by the intensity of 
the attack. This view is favored by an observation by Ur- 
bantschitsch (“ Lehrbuch,” p. 397), in which bone-conduc- 
tion for the fork, which had been entirely lost, reappeared 
after electrical treatment. 





1 Zeitsch. f. Ohrenhikde, Band xiv., S. 146. 
® This is the simplest way of explaining the fact that the experiment with 
deeper and more massive forks gives different results from those obtained: 


with forks of higher pitch. 
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If now any of these suppositions should prove to be 
confirmed, the meaning of Rinné’s experiment in diseased 
ears would be quite different from what has heretofore 
been generally supposed. For the difference of time dur- 
ing which the fork was heard by aérial and bone-conduc- 
tion would depend upon obstacles in the sound-conduction 
(including the labyrinthine portion of the same), as well as 
upon the increased, normal, or decreased irritative condition 
of the nerve. And in this I see the explanation of the 
occasionally positive and occasionally negative result of 
Rinné’s experiment in the most varying diseases of the ear ; 
but it is not at all explained by the portion of the ear 
affected. But at the same time, here too, we see the diffi- 
culty of estimating the value of the individual results, or 
of the total amounts. 

It would only lead to repetition to apply the above de- 
ductions which refer chiefly to acute diseases of the ear, to 
chronic ear diseases; but the tuning-fork experiments may 
here also be attempted according to the same principles. 
Bezold’ amongst others, has emphasized the difficulty, and 
in some cases the impossibility, of differentiating between 
diseases of the middle and of the internal ears; and as for 
the frequent complication of middle-ear disease with that 
of the internal ear, the topic has already been exhaustively 
treated by Schwabach, Bruner,’ and Eitelberg,’ leaving 
aside the fact that all these authors still use the customary 
classification. 

In order not to be misunderstood, I would like to return 
once more to the physical conditions in the tuning-fork ex- 
periments. Physical causes such as the intensification of 
sound by resonating spaces, or by increased conduction 
from alterations in the conducting material, will, of course, 
have to be considered in pathological cases, and they will 





1 Archiv. f. Ohrenhikde, Band xxi., S. 241. Compare also Bezold’s cases 
of dysacusis that could not be more accurately located. 


* Zeitsch. f. Ohrenhlkde, Band xiii., S. 261. 


® Zeitsch. f. Ohrenhidke, Band xvi., S. 31. Eitelberg finally concludes 
that ‘‘no method is alone decisive in judging whether the sound-perceiving, or 
the sound-conducting apparatus is chiefly or solely affected ; and we can only 
obtain a correct idea in any given case after careful consideration of all the 
clinical facts and the experimental results.” 
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exert some definite action on the results of the tuning-fork 
experiments, together with whatever excitability of the audt- 
tory nerve that ts then present. It will, perhaps, be granted, 
that the physical conditions must be subjected to numer- 
ous variations according to the pathological alterations in 
individual cases, and that the intensity of the sound might 
also have been reduced. Hence it would be impossible to 
maintain the doctrine of obstructed exit of sound in such 
middle-ear diseases in which no obstacles existed, ¢.g., in 
perforation or destruction of the whole Mt.; and yet 
in many of these cases the fork will be perceived loudest 
in the diseased ear, simply because the extzre ear remains in 
a state of chronic irritation. Therefore I think it is a hope- 
less task to search for a universally valuable physical 
explanation of the results of tuning-fork experiments in 
pathological conditions of the ear, whilsta physiological inter- 
pretation might still satisfy many cases. 

For these reasons it is pardonable to doubt whether the 
present authoritative estimation of all these experiments in 
any way facilitates our diagnosis; and this doubt will arise 
despite our admiration for the diligence, skill, and erudition 
which have here been displayed. On the contrary, the dif- 
ficulties seem to increase, the tests occupy more and more 
time, grow more and more complicated, and the exceptions 
are multiplying. And despite all this labor, our diagnosis 
must still rely on the history, the results of the objective 
examination, and the clinical symptoms; whilst, further- 
more, the investigation of even these conditions is difficult 
enough, and occupies quite sufficient time. 

Or, if we consider the treatment of cases, the need of 
any strict division between diseases of the middle ear and 
those of the labyrinth seems problematical. There is no 
such thing asa specific treatment of labyrinthine disease. 
Whenever the symptoms, either of the middle or internal 
ear, suggest various methods of treatment, we shall consider 
them so far as we can. On the contrary, it seems to me 
more advantageous for our specialty, if in peripheral 
diseases also, the influences of the latter on the nervous 
apparatus were emphasized more than has hitherto been 
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the case. The belief that the nerve is intact in middle-ear 
diseases, and in the rarity of any nervous affection during 
diseases of the ear, can easily lead the non-specialist, on the 
one hand to neglect the aural patients, and on the other 
to resort to a merely exaggerated mechanical treatment. 

Taking it, then, all in all, it would seem more advisable, 
instead of classifying aural affections according to anatom- 
ical or physiological subdivisions, to study their various 
transformations and combinations, without marvelling over 
any possible subdivisions. Indeed, the tuning-fork tests 
point clearly enough to a sympathetic connection between 
the various portions of the ear. But if, despite this fact, 
some subdivision should be insisted upon, it is to be hoped 
that we may unite upon some universal and sharply defined 
boundaries. Yet I still possess a deep-seated conviction that 
the strict classification of the diseases of the ear, so eagerly 
striven for and insisted upon up to the present, will event- 
ually be abandoned forever as a hopeless task. 


Soest Seer renee, 
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APPENDIX TO “ THE DIAGNOSTIC VALUE OF RIN- 
NE’S EXPERIMENT, WITH REMARKS ON THE 
PHYSIOLOGICAL FUNCTION OF THE SOUND- 
CONDUCTING APPARATUS” IN VOL. XVI., PAGE 
188, ETC., OF THESE ARCHIVES. 


By FREDERICK BEZOLD, or Municu. 


Translated by H. A. B. MACCAULEY, M.D. 


HE conclusions arrived at in the above paper have 
given rise to a consideration of the relative import- 
ance of the sound-conducting apparatus for the transmis- 
sion of the upper and of the lower notes of the scale re- 
spectively. And I came to the conclusion from physio- 
logical as well as pathological observations, that for percep- 
tion of the lower notes, the functional state of this apparatus 
must be normal, if these notes be transmitted by the ordi- 
nary channel of conduction through the air; but that for 
the perception of the higher notes this normality is not 
necessarily requisite. 

This deduction is supported by the results of a series of 
observations on the hindrances to sound-conduction, made 
experimentally upon the normal ear, as well as by those 
depending upon pathological alterations, showing a les- 
sened perception (and with greater hindrance to motion, 
entire lack of perception) of the deeper notes, as com- 
pared with those higher in the scale. 

An important experiment illustrative of this point is 
based upon the artificial rarefaction of the air in the middle 
ear by means of forced inspiration. 

When a quick and deep inspiration is taken with the 
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mouth and nose closed, the air is not only drawn in from 
the upper respiratory spaces, but also from the’ middle ear, 
thus producing a considerable rarefaction of the air in this 
cavity, as evinced by the subjective observations as well as 
by demonstrable depression of the Jz. 

This unilateral depression of the M/¢., produced by the 
pressure of the external air, persists until the act of swal- 
lowing is performed, when the Eustachian tube is again 
opened by the valve-like action of the membranous wall of 
its cartilaginous portion (Hartmann). During this condi- 
tion, which is analogous to the morbid closure of the tube, 
the power of perception of the lower notes of the scale is 
diminished, this becoming more noticeable as the scale is 
descended. 

This seemed to me, at that time, comparatively easy of 
explanation. The unilateral involvement of the J/, as 
well as of the whole conducting chain, necessarily occasions 
a diminution in the vibrations of the sound-conducting ap- 
paratus, thus interfering with its capacity for the reception 
of the waves of sound conveyed to it through the air. 

But at a subsequent repetition of this experiment an ad- 
ditional phenomenon was observed that was not to be 
explained in this simple manner, but which seemed to indi- 
cate the existence of more complicated relations. Hence I 
have determined to supplement and modify the deductions 
based upon my former investigations. 

At that time the point in question was to prove that any 
disturbance of the normal unstable equilibrium of the 
sound-conducting apparatus was followed by a lessening of 
the capacity for hearing the lower notes of the scale when 
the conduction was accomplished in the ordinary manner 
through the air. 

At first only A. C. was considered in the aspiration 
experiment, B. C. being investigated at a subsequent 
repetition, when a most remarkable contradiction was ob- 
served. It was supposed that owing to the increased ten- 
sion of the conducting chain, B. C. would be increased as 
compared with A.C., and that the T. F. would be heard 
louder from the vertex, and with a continuation of aspira- 
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tion, would also be heard for a longer time than under nor- 
mal conditions. 

However, as shown by the experiment, the reverse is the 
case. The note of alow-pitched T. F. by B.C. ts shortened 
by the action of aspiration in the same manner as when con- 
veyed by A. C. 

It might be objected here that this result of the experi- 
ment offers nothing new or unexpected, as it is only a 
modification of the observation made by Lucae, to the ef- 
fect that increased pressure of the finger in the auditory 
canal, weakens a note coming to the ear by B. C.; and fur- 
thermore, that it reminds one of the well-known experi- 
ment of Gellé. At first sight it would seem indifferent, 
whether the inequality in pressure without and within the 
tympanic membrane were produced by increase of the at- 
mospheric pressure in the auditory canal (as in the two last 
experiments), or by rarefaction of the air in the middle-ear 
by means of aspiration, since in both cases it is the outer 
surface of the J/¢ which becomes depressed. A more ex- 
act consideration and comparison of the experiments of 
Lucae and Gellé in the direct production of differences in 
the air-pressure in the middle ear, with the experiment of 
Valsalva and the aspiration experiment, renders it obvious 
that certain differences exist in the kind of functional dis- 
turbance produced, which compel us to regard these differ- 
ent experiments as dissimilar. 

Let us now consider the influence of the aspiration ex- 
periment, (1) upon aérial-tympanic and, (2) upon osteo-tym- 
panic conduction’: 

I. The effects of the condition produced by aspiration 
upon the aéro-tympanal conduction are as follows: 

I. T. F. A| when struck a medium blow and held in im- 
mediate proximity to the auricle, is heard by me during 90 
seconds ; upon taking a deep inspiration, with closed mouth 
and nose, however, the sound ceases to be heard after 45 





? With simultaneously closed mouth and nose, and deep and forced inspira- 
tion, a subjective feeling of tension is noticed in both ears, which, at least in 
my own case, does not disappear until the Eustachian tube is again opened by 
voluntary effort. This persistence of action, which possibly does not prevail 
constantly, is necessary to the success of the experiment. 
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seconds. If the opposite experiment (Valsalva’s) be now 
tried, the note reappears again and is heard for a second 
period of 45 seconds. During this time, by alternation of 
the two experiments, the sound may be made to disappear 
and to reappear six or seven times. 

II. T. F. a', which is heard 80 seconds under normal con- 
ditions by A. C., is perceived 60 seconds after aspiration, 
and 18 seconds longer after reéstablishment of the normal 
condition. 

III. T. F. a" is heard normally by A. C. during 60 sec- 
onds; is somewhat, but not essentially, shortened by the 
experiment, but not enough difference to be measured. 

IV. The tones of Lucae’s c'’ and f sharp’ T. Fs. are 
neither shortened nor lengthened by the experiment. 

2. The osteo-tympanal conduction is modified by the aspi- 
ration experiment as follows: 

I. T. F. A on the vertex, under normal conditions, is 
heard for 24 seconds. The aspiration experiment causes a 
shortening of the duration of the tone to 16 seconds. 
When the Eustachian tube is opened by Valsalva’s experi- . 
ment, the tone again appears and is heard for 8 seconds 
more by B. C. 

If this T. F. be removed from the vertex after it has 
ceased to be heard from there (aspiration being continued 
in the meantime), it is heard 19 seconds longer when held 
before the auricle; or, in other words, Rinné’s experiment 
gives a positive result of 19 seconds under the influence of 
the experiment of aspiration.’ If we now remove the dif- 
ference in atmospheric pressure by means of Valsalva’s ex- 
periment, the tone is again heard through the air during 40 
seconds more, until it has completely died away. 

II. T. F. a’ is heard from the vertex, with aspiration, 
during 8 seconds (normal, 11 seconds). When the effects 
of aspiration have been removed, it is heard for 13 seconds 
longer, from the same place. 

If the same experiment be now made, as with the A fork, 
described above, the action of aspiration being continued 





* Under normal conditions, the duration of Rinné’s experiment with this T. 
F, is 42 seconds. 
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and the T. F. removed from the vertex after perception has 
ceased there and held before the auricle, the tone again 
appears and dies away in 22 seconds,’ but reappears for 13 
seconds, following the Valsalvian experiment. 

III. The A™ T. F. (struck somewhat sharply) continues 
16 seconds from the vertex; after to the effects of aspira- 
tion only 11 seconds; through the air with continuance of 
aspiration, 33 seconds.” 

IV. The tones of both of Lucae’s T. Fs., cl” and f 
sharp'Y by B. C., are also not essentially influenced by 
aspiration. 

The data given above represent the average results of 
repeated experimentation, this being the only way of elimi- 
nating, at least partially, the numerous sources of error 
attending these experiments. 

The removal of the difference in atmospheric pressure 
produced by aspiration was effected by Valsalva’s experi- 
ment, since in many cases the simple act of swallowing was 
not sufficient to fully restore the normal intensity of tone. 
I found that by voluntary movement of the muscles of the 
pharyngeal space, the restoration of the equilibrium of 
pressure was effected in many cases, as manifested by the 
production of the well-known snapping noise in the ears, 
attributed by Politzer to the separation of the tubal walls, 
and the equilibrium of pressure was more regularly restored ; 
but I found the object in view best attained by opening the 
tubes by means of the positive atmospheric pressure pro- 
duced by Valsalva’s experiment, since this produced a cer- 
tain, instantaneous, and complete effect. 

It must, of course, be borne in mind that this experiment 
itself exercises an essentially modifying influence upon the 
subjective intensity of tone. 

For the few trials which I have made in this direction 
have shown that the experiment of Valsalva, forcibly carried 
out, lessens considerably the capacity of the ear for hearing 
by A. C., just as is noticed in the aspiration experiment, 





1 Rinné’s experiment with at T. F., under normal conditions, yields a 
positive result of 30 seconds. 

?Under normal circumstances, Rinné’s experiment with al! T. F., shows 
positive result of 38 seconds. 
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whilst B. C., on the contrary, zs intensified. The A. C. 
as well as the B. C. of the deeper notes is much more influ- 
enced by this experiment, than that of the higher tones, 
but as affecting B. C. in the opposite way as compared to 
the aspiration experiment; for the T. F. A on the vertex 
was most markedly, T. F. a’ quite distinctly, and T. F. a”, 
but scarcely zutenszfied during the effect of the Valsalvian 
experiment. Likewise, during the experiment of Valsalva, 
A.C. is lessened successively from A, where this is very 
marked, to al, where it is but noticeable. The tones of the 
T. Fs., cl’ and f sharp'Y are not essentially influenced by 
either A. C. or B. C. 

It would also be interesting to study the changes in the 
duration of vibration of tuning-forks of different pitch by 
A.C. and by B.C. during the experiment of Valsalva; but I 
soon discontinued investigation in this direction because of 
the intense venous stasis and unpleasant sensations pro- 
duced in the ear by the prolonged action of this experi- 
ment, which must be continued during the entire period 
of vibration in order to produce the changes in the sound- 
conducting apparatus. I find the same modification of the 
perception of the T. F. from the vertex by greater or lesser 
ompression of the auditory canal with the finger, as has been 
described by Lucae. 

Furthermore, I get the same result from compression 
of the air in the auditory canal by means of an air-tight 
balloon, as obtained by Gellé, with the limitation that the 
lessening and (upon greater compression) final disappear- 
ance of the tone of the T. F. from the vertex, applies only 
to the T.F..a', upon myself, no apparent diminution re- 

sulting with T. Fs. A and a”. 

_ By acomprehensive comparison of the results of these dif- 
ferent experiments with the results obtained by observation 
of the pathologically changed sound-conducting apparatus, 
especially in otitis media simplex chronica sclerotica and 
old suppurative middle-ear processes, in both of which 
there is the sharpest contrast between the normal recipro- 
cal relations of A.C. and B.C., the following table is ob- 
‘tained. 





ee 
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A.C. B. C. 
Shortening, deep tones (A) 
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guished by moderate ne See 
strength. 
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creased by _ increased 
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! 
| 
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of auditory canal by the however, still greater than 
finger. intensity of perception 
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GELLE’s EXPERIMENT. t =_ § A! weakened, but not A and 
(gil. 


ee ee . ing, to CO 3 
Otitis media simplex chroni- Rensing eee | 
ca sclerotica and remains 
of otitis purulenta. 


sence of perception of Considerably intensified 
deep and moderately high | and lengthened. 
notes (A and al), J 


The higher tones of the T. Fs., which were but slightly, 
or not at all affected by the above experiments, are not 
considered here, in order to avoid making the resumé too 
complicated. 

All the experiments included in the above table, as 
well as the two forms of pathological middle-ear affection, 
selected for consideration as being’ especially typical, pre- 
sent in common an interference with the sound-conducting 
apparatus, leading to a disturbance of equilibrium. It is 
therefore quite comprehensive that, taken together, they 
involve a decreased capacity for hearing by A. C. as far as 
it is possible to apply tests of this nature. (With the 
auditory canal occluded by the finger, or Gellé’s experiment,. 
such tests are of course impossible.) 

On the other hand, the modifications of B. C. are very 
perplexing, as each of the above-mentioned experiments. 
yields a different result. A simple resumé of these results 
is quite sufficient to convince us that none of the theories 
thus far advanced gives us a satisfactory explanation of the 
causes of the hindrances, or of the furtherances which the 
above experiments and pathological changes impose upon 
the sound-conducting apparatus in transmitting waves of 
sound communicated by the cranium to the labyrinth. 

There are the three following possibilities to be borne in 
mind : 

1. Do the above-mentioned influences affect the sound-. 
conducting apparatus as a whole in different ways; as, for 
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instance, by relaxing or tightening the whole apparatus? 
or . 

2. Do these affect zxdividual parts of the apparatus dif- 
ferently? Or, finally, 

3. Do changes in the intra-labyrinthine pressure play a 
more or less important part in the observed modifications of 
perception through B. C. ? 

In view of the multitudinous results of experimentation 
upon bone-conduction, and especially the difficulty and 
uncertainty with which even physiological investigation of 
this apparatus is attended, one is almost justified in de- 
spairing of a satisfactory solution of the problem before us ; 
and yet our efforts to shed light upon this point should not 
be relaxed (this should be the combined task of the physi- 
ologist, the physicist, and the aurist), unless we wish to 
see the results of our pathological observations (which in 
this case have preceded the physiology of the ear), as well 
as the important deductions for differential diagnosis based 
thereupon, rendered of doubtful value. 

Considering all the changes which may be produced in 
the labyrinth by the above-mentioned physiological experi- 
ments and _ pathological processes, zucrease of intra- 
labyrinthine pressure is the only one which has been 
utilized in explanation of a series of disturbances of hear- 
ing as well as in partial explanation of the physiological 
action of the experiments mentioned. It is very remarkable 
that decrease of the pressure in the labyrinth, as opposed to 
the much-discussed increase of the same, has been left en- 
tirely unnoticed. When we consider its importance in the 
transmission of sound-waves to the organ of Corti, and 
especially the liability of venous congestion on account of 
the unyielding nature of the labyrinth walls, it will be evi- 
dent that this factor is well worthy of our attention. 

Owing to its hidden situation, the supposition of differ- 
ences in pressure existing within the labyrinth cannot be 
dependent upon direct observation, but must rather be 
based upon the result of analogy, the principal support of 
which consists in the changes of pressure noticed in the 
eye; such as the increased pressure in glaucoma, and the 
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diminished tension below normal in various inflammatory 
and phthisical processes, easily demonstrated by palpation. 

The bony capsule of the labyrinth would offer more fa- 
vorable conditions for changes of pressure in the enclosed 
fluid, than the somewhat yielding, fibrous capsule of the 
eyeball; the two relatively small windows would be of lit- 
tle significance in considering the pressure as originating 
within the labyrinth, like in the eye. But a necessary as- 
sumption would be complete separation of the contents of 
the labyrinth on all sides. There can no longer be any 
question on this point, the existence of a free communica- 
tion of the endolymph with the saccus endolymphaticus 
through the aqueductus vestibuli having been established; 
also a communication with the dural lymph-channels, by 
means of a small canaliculus proceeding from the fundus 
of the saccus endolymphaticus lately demonstrated by Rii- 
dinger’; on the other hand, the perilymph communicates 
freely with the extensive subarachnoid spaces, by means of 
the aqueductus cochlez, so that a complete shutting-off of 
the contents of the labyrinth is impossible. The direct 
connection with the interdural sac would be no positive 
obstacle to this, for it only represents a moderate enlarge- 
ment of the intralabyrinthine space with walls which are 
also quite unyielding. But this is not the case with the 
connection through the aquzeductus cochlez, by means of 
which we would necessarily have an equalization of press- 
ure between the contents of the labyrinth and the extensive 
subarachnoidal spaces, and thereby with the whole intra- 
cranial cavity; this precludes even the remotest idea of the 
possibility of existence of local changes of pressure within 
the labyrinth. 

The endolymphatic space is, in itself, a relatively isolated 
cavity, only communicating with the arterial system by 
passages of narrow calibre, but as it is surrounded by the 
perilymph, it participates in all of the variations of press- 
ure to which the latter is subjected. 





1 Die Abfluss Canale der Endolymphe des inneren Ohres.—Aus den Sitz- 
ungsber. der mathematisch. phys. Classe der K. bayr. Acad. der Wissenschaft. 
1887. Heft 3. 
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The permeability of the two aqueducts is easily demon- 
strated in freshly prepared specimens in the following man- 
ner’: A capillary glass tube, half filled with a colored fluid, 
is hermetically cemented into the opened superior semicir- 
cular canal, by means of sealing-wax; pressure with the 
fingers must now be applied to the endolymphatic sac into 
which the aquzductus vestibuli empties; the fluid at once 
begins to rise in the tube until it reaches a considerable 
height, sometimes several centimetres. The same result is 
obtained by pressing upon the funnel-shaped mouth of the 
aquzeductus cochlez, on the under portion of the petrous 
bone, in such a manner as to exclude the air, provided the 
aqueduct is full of fluid to its mouth. Finally, we may ob- 
tain a like result by means of the lymph-channels of the inter- 
nal auditory canal, by filling the latter with water and press- 
ing the finger on the meatus. The communication by these 
different channels is by no means unobstructed, for other- 
wise the fluid of the labyrinth of a prepared specimen, 
following the laws of gravity, would flow off through the 
aq. cochlee when placed in the normal position. I no- 
ticed that this really occurred in several specimens; the 
superior semicircular canal was seen to be empty when 
opened, and colored fluid dropped into the opening soon 
found its way out through the mouth of the aq. cochlez. 
If, in such cases, the attempt be made to hermetically ce- 
ment the filled glass tube into the opening of the supe- 
rior semicircular canal, the colored fluid sinks rapidly; 
while in most of the other specimens the fluid sinks slow- 
ly, corresponding to the condensation and rarefaction of the 
air, caused by the action of the Eustachian tube, or au- 
ditory canal, or despite the variations thus obtained it 
remains almost at its original height. 

The contents of the labyrinth do not flow out in all cases, 
simply on account of the capillary attraction of the fluid in 
the narrow spaces of the labyrinth, and especially of the 
Narrow capillary aqueductus itself. It is not therefore 
necessary for us to suppose the existence of a special 





1 Cf. Experiment Unters. tiber den Schallleitungsapparat, etc.—Arch, f. 
Ohrenheilk., Bd. xvi., S. 11. 
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arrangement, similar to the valves of the veins for instance, 
for the above explanation is quite satisfactory ; further- 
more, Rudinger, in his histological investigations by series 
of sections, found nothing of the kind, at least not in the 
ductus endolymphaticus. In this factor, capillary attrac- 
tion, we have the only undoubted obstacle to free commu- 
nication between the contents of the labyrinth and the 
cavity of the cranium, and the consequent equalization of 
the pressure to which the fluid of both cavities is subjected. 
Rudinger has, however, discovered longitudinal folds in the 
ductus endolymphaticus, which permit of its greater dis- 
tension through their obliteration, so that any predominance 
of pressure within the labyrinth, thus influencing the func- 
tion of the acoustic nerve, would probably overcome this 
obstacle all the more easily. 

Finally, mention must still be made of the fact that every 
continued increase or decrease of pressure is compensated 
for very rapidly, under normal conditions, by the absorp- 
tion or transudation of a corresponding quantity of fluid, 
just as Donders has proved, happens in the eye under the 
same circumstances, 

I believe I have proven by means of this ‘analysis, 
that there are so many great and well-founded principles 
oppose the theory of the influence of increased intra- 
labyrinthine pressure upon the function of the ear, that it 
is better not to use it as an explanation of the physiological 
and pathological results obtained in the observations tabu- 
lated above. 

If now we direct our attention to the sound-conducting 
apparatus, in what manner is it influenced by the experi- 
ments enumerated, and how by the pathological changes, as 
manifested by two of the most typical forms mentioned 
above? 

It will be necessary to define in advance our position as 
regards Steinbriigge’s* latest investigations concerning the 
limits of the sound-conducting apparatus, at which point 
the boundary line between the active portion and the 
passively excited part of the labyrinth shall be drawn. 





1 Ueber Stimmgabelpriifingen. See pages 117 to 129. 
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Anatomically considered, the boundaries of the three 
regions of the ear are indicated in a very simple manner 
by the three systems of cavities; the outer surface of the 
labyrinth wall being regarded as part of the middle ear, 
while its inner surface belongs to the labyrinth, just as the 
Mt separates the external from the middle ear. 

Physiologically, I quite agree with Steinbruegge, in draw- 
ing the boundary line between the sound-conducting and 
the sound-perceiving apparatus, at the hair cells of the 
organ of Corti, for here it is, according to common accepta- 
tion, that the transformation of mechanical motion into 
nerve irritation takes place. 

Neither the one nor the other of these standpoints is to 
be adhered to in our tuning-fork investigations, or in our 
consideration of the mechanism of hearing; but the sound- 
conducting apparatus should be regarded rather as a purely 
physical arrangement, and, according to Helmholtz, as a 
complicated lever-apparatus, the long arm of which Is repre- 
sented by the radial fibres of the J/¢, while the end of its 
short arm is found in the inner surface of the base of the 
stapes. Upon the latter rests the labyrinth water-column, 
in which the membranous labyrinth with the end-distribu- 
tion of the acoustic nerve is suspended, and its motility as 
well as its exclusion from without is given to it by the mem- 
brane of the round window. 

Between the base of the stapes and the utriculusis a large 
perilymphatic space which is entirely free from the con- 
nective-tissue adhesions, which at other points serve to per- 
fect the connection of the membranous labyrinth with the 
bony walls. This space has been described in detail by 
Steinbruegge * himself in the pages of these ARCHIVES. 
Hence at this point there is a complete interruption of the 
solid parts of the sound-conducting apparatus by a layer of 
fluid; and we obtain the best idea of its mode of function 
by considering the Mt and ossicular chain, including the inner 
surface of the base of the stapes, as the actively moving lever, 
and the column of fluid in the labyrinth, together. with the 
membrane of the fenestra rotunda, as the weight passively to be 
set into motion. 





1 On the Topography of the Human Vestibule, vol. x., p. 309. 
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The common acceptation of the passive réle played by 
the membrane of the round fenestra in the conduction of 
sound through the air, by an easy yielding of the water of 
the labyrinth, corresponds to the above theory. 

A sharply dividing line is thus drawn between the 
sound-conducting apparatus and the internal ear, as has 
already been maintained by those authors who have occu- 
pied themselves with Weber’s and Rinné’s experiments (not 
however by the investigators of Gellés’ experiment), inas- 
much as the former, including myself, have placed ankylosis 
of the base of the stapes,—resulting from disease of the tym- 
panum, or of the internal ear—among the affections of the 
sound-conducting apparatus. In the latter case, extension 
of the periosteal process to the walls of the labyrinth may 
be assumed as being very likely; this is proven by the in- 
teresting fact, verified by Burckhardt-Merian, Rohrer, and 
myself, that in the majority of cases there is besides the 
otitis media simplex chronica, a defective perception of the 
uppermost tones of the scale, sometimes remarkably ex- 
tensive, but apparently without defects in its further course 
downwards, as demonstrated by Galton’s whistle. This is 
but a single example of the many different complications 
which may arise between disease of the sound-conducting 
apparatus and of the internal ear. 

I can agree even less with the views of my esteemed 
collaborator, Steinbruegge, as expressed in his last paper on 
the examination of aérial and bone-conduction, by means 
of the tuning-fork, as follows: “ The better perception of 
the T. F. by B. C., in the unilaterally diseased ear, or the 
ear which is the more affected, as well as the lengthened 
duration of perception, depends upon a higher grade of 
sensibility (hyperesthesia) of the one auditory nerve, to the 
sound-waves of the cranial part of the B. C., z. ¢., cranio- 
tympanal.” 

I cannot, in this paper, which was commenced before 
Steinbruegge’s work was published, and which has another 
scope, discuss all the reasons which have led him to relin- 
quish the commonly accepted view that increase of a tone 
perceived by B. C. can only be caused by a change in the 
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physical apparatus which serves as the conducting medium 
to the labyrinth. However, I may be permitted to make 
a few observations. ’ 

The extraordinary increase in B. C., as opposed to the 
equally remarkable diminution of A. C., is precisely the 
phenomenon which is most difficult of explanation, and this 
is by no means made clear by Steinbruegge’s theory. 

In the first table of my “ Diagnostic Value of Rinné’s 
Experiment,” etc.," containing the chronic sclerotic pro- 
cesses, there was observed complete absence of A. C. for 
T. F. A, and sometimes even for the T. F. a’, while 
B. C. was increased, in some cases, far beyond the normal 
(Schwabach’s experiment)—that is, an extremely negative 
result by Rinné’s experiment in thirty-two cases out of 
fifty-two examined with T. F. A; whilst in the third table, 
containing the persistent perforations and cicatrices of the 
Mt, seventeen out of thirty cases tested gave the same 
result. In sharp contrast to these, thirty-two cases, included 
in Table II., comprising nervous deafness, showed eighteen 
instances of complete failure of B. C. for T. F. A, with 
A. C. well preserved. 

To overcome this difficulty Steinbruegge makes use of 
the additional supposition that the hyperzsthesia of the 
acoustie nerve only affects the B. C., the action of A.C. 
upon the acoustic nerve being shut out by the affection of 
the sound-conducting apparatus. In addition, he also ex- 
cludes cranio-tympanal influence as a cause of the hyperes- 
thesia; there remains but one route to the labyrinth, viz., 
by direct cranial conduction; and this, opposed to the 
cranio-tympanal conduction, experimentally proven by 
Lucae, rests upon a very weak hypothetical basis. It may 
be mentioned incidentally that it is not the acute (as main- 
tained by Steinbruegge), but rather the chronic morbid 
processes, in which this contrast is most sharply marked ; 
in my former paper all acute affections were excluded. It 
may also be remarked that the theory of hyperesthesia by 
no means gives a satisfactory explanation of the remarkable 
predominance of the phenomena relating to the deeper 
tones. 





1 These ARCHIVES, vol. xvi., p. 188. 
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The most dubious point of all, however, seems to me to 
be the kind of hyperzsthesia here considered. In the ob. 
servations mentioned above, there is a real prolongation of 
the perception of sound by the bones, such as Schwabach’s 
statistics proved to be the rule in middle-ear diseases. Now, 
to make such prolongation comprehensible, Steinbruegge’s 
theory not only implies an irritation of the auditory nerve 
(manifesting itself as we know partly by sensitiveness to a 
series of tones, and partly by subjective noises), but far be- 
yond this a real hyferacusis—t, e., a functional capacity of 
the auditory nerve exceeding tts normal standard. 

I see no reason for further discussion of Steinbruegge’s 
theory, inasmuch as we have no need whatever for such a 
risky and otherwise unsupported hypothesis for the ex- 
planation of the phenomena in question. It appears most 
incomprehensible to Steinbruegge that the various diseases 
of the middle ear, perforative as well as non-perforative, 
should be accompanied by intensified B. C., which neither 
theory of resonance, nor that of hindrance, to the escape 
of the sound serves to explain to him. This result is, how. 
ever, very easily understood, if we presuppose an increased 
tension of some one part of the sound-conducting apparatus, 
as above bounded and defined, as the common factor re- 
sponsible for increased conduction. 

In my “ Erklarungsversuch,” etc.,* I advanced this theory 
and was able to demonstrate in a very simple manner that 
a thread, suspended between two solid substances (the same 
applies to a membrane), would favor conduction from one 
to the other by an increase in its tension. Until then, the 
contrary of this, as regards the sound-conducting apparatus 
had been commonly believed, and Steinbruegge still adheres 
to this old belief, notwithstanding that, as far as I know, 
my theory has been accepted by all of my colleagues to 
whose notice it has come. The effect of perforations of 
the Mz is also easily explained in this manner; for with 
abolishment of the antagonism between its circular and 
radial fibres on the one hand, and the tensor tympani on 





1 Read before the Seventh Assembly of South German and Swiss Aurists at 
Munich. Finsterlin, 1885. 
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the other, the latter gains the ascendancy and the mem- 
brane necessarily becomes more tense. 

In my opinion, the difficulty of explaining the matter in 
question is not due to the regular increase of B.C. in all 
middle-ear affections, but is rather owing to the remarkable 
contradiction which seems to exist between the above- 
described physiological experiments, especially the aspira- 
tion experiment, that of Gellé, etc:, and our observations of 
pathologically altered sound-conducting apparatuses. 

All these experiments—aspiration, Valsalva’s, Gellés, as 
well as the closure of the auditory canal with the finger— 
presuppose an increased tension of the Mt. Hence we 
would have to expect an increase of B.C. In reality, how- 
ever, the contrary is partially the case; and the object of 
this paper is to explain and remove this obstacle to the 
proper appreciation of the tuning-fork in differential diag- 
nosis, as far as our present knowledge will permit. The 
difficulties which here confront us are by far greater than 
those involved in an explanation of the increased tension of 
the sound-conducting apparatus, and we must therefore be 
satisfied if we merely succeed in indicating a possebility a 
which they may be solved. 

In acloser consideration of the four experiments men- 
tioned above, the aspiration experiment and the experiment 
of Valsalva must be differentiated from pressure with the fin- 
ger and Gellé’s experiment. In the two first-enamed, the 
external ear remains intact, and the influence of the experi- 
ment is limited to a change of atmospheric pressure in the 
cavity of the middle-ear space. In the two last-mentioned 
experiments, we cannot influence the sound-conducting ap- 
paratus without also modifying the resonance-space of the 
external ear; for this reason, the results obtained cannot be 
referred with absolute certainty to changes exclusively sit- 
uated within the middle ear; and therefore no positive de- 
duction can be made as to the physical conditions existing 
there. As is well known, incomplete occlusion of the audi- 
tory canal, although without the slightest influence upon 
the sound-conducting chain, is sufficient to increase the 
sound of the tuning-fork placed on the vertex in the ear in- 
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volved. The physical factors which combine to produce 
this result are not yet sufficiently known. It is the general 
belief, agreeing with E. H. Weber, that the change in the 
resonance of the occluding auditory canal must be consid- 
ered ; and this not only applies to the higher tones, which 
are similar to the pitch of the auditory canal, but also to 
the deeper notes, because in the latter the neighboring sys- 
tem of hollow spaces may participate (Lucae). This ca- 
pacity of the ear for the lower tones can easily be demon- 
strated objectively by passing sharply-struck tuning-forks 
along the side of the head, quite near its surface. The mo- 
ment the T. Fs. pass before the meatus, they are heard bet- 
ter than at any other point along the remaining surface of 
the side of the head. 

It is also a question whether the arm which is brought in 
connection with the head when the finger occludes the ear, 
does not cause a change in the vibrations of the cranium. 
If a vibrating tuning-fork be placed upon a large object 
held in the air, and then upon a smaller solid of like mate- 
rial,—for instance, at first upon a larger and then upona 
smaller book held in the hand, the T. F. being struck with 
equal force in both cases, the tone produced in the first case 
will be considerably louder. In a similar manner, the arm 
of the occluding finger tends to increase the mass surround- 
ing the ear. 

Finally, the muscular sound produced by placing the 
finger in the ear, and which cannot be excluded, might in- 
crease sounds, at least of the deeper tones. 

The reliability of Gellé’s experiment is also open to ques- 
tion, as is seen from the following parallel: The pear-shaped 
balloon used for compression is not connected with the ear 
by means of this rubber tube, but is simply brought near 
it, without coming in contact with it vibrating; T. F. a’ 
is now placed upon the opposite surface of the balloon and 
its tone is heard distinctly by A.C. If, however, we com- 
press the balloon, the end of its tube being provided with a 
clamp, the tone becomes weaker, and finally disappears 
entirely with greater compression. This is no longer as 
distinctly noticeable if a T. F. an octave lower be used, the 
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same being true of a”, The T. F.A cannot be used for this 
experiment, as its‘tone is not heard at all, even when the 
balloon is held in immediate proximity to the ear. 

The various results obtained with different T. F’s in this 
experiment are pretty constant, as verified upon myself 
with Gellé’s experiment; and it is therefore probable that 
there are certain physical conditions underlying its results 
which are not to be sought for in, the ear, but in the appa- 
ratus used. 

For these reasons, experimentation per auditory canal 
can have no decided importance as bearing upon the judg- 
ment of the tension theory advanced by me in explanation 
of improved B. C. in anomalies of sound-conduction. 

The changes in the B. C. observed during the exp. Val- 
salve, and the aspiration experiment, must be much more 
carefully weighed. 

Both of these produce increase of the tension of the Mr; 
still one affects B. C. in an opposite way from the other, 
although modifying influences from the external ear are ex- 
cluded. Theeffects produced by the exp. Valsalvz coincide 
with our experiences with pathologically altered sound- 
conducting apparatuses, while the experiment with aspira- 
tion leads to an exactly opposed result, viz., produces a 
moderate diminution of B. C. 

In endeavoring to study the causes of this strange be- 
havior, we must, above all, bear in mind the reciprocal rela- 
tion already mentioned, which exists between the conduct- 
ing chain and the contents of the labyrinth. It has been 
mentioned above, that while the sound-conducting chain 
from the 1/7 to the base of the stapes inclusive, represents a 
lever’ moving in common, the column of fluid in the laby- 
rynth, together with the round window, represents the 
weight to be moved by it. The utriculus having no firm 
connection with the base of the stapes, the labyrinth fluid 
and the membrane of the round window may be credited 
with the possession of a certain independent: mobility. 

The effect produced by rarefaction and condensation of 
air within the middle-ear spaces upon the sound-conducting 
chain, and more especially upon the base of the stapes on 
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the one hand and the membrane of the fenestra rotunda on 
the other, can best be observed upon the cadaver, by means 
of manometric measurement of the movements communi- 
cated to the labyrinth fluid, according to the methods of 
Politzer and Helmholtz. 

I undertook a series of experiments of this kind in 1880,’ 
and succeeded in testing the mobility of the base of the 
stapes and that of the membrane of the fenestra rotunda, 
endependently of each other, in order to establish exactly 
the part taken’ by each of the two windows in the move- 
ments of the labyrinth fluid under different conditions of 
pressure, as manifested by the manometer cemented in the 
superior semicircular canal. 

The results thus obtained by me, as far as they apply to 
the subject now under consideration, are as follows: 

1. Positive and negative variations in pressure conveyed 
through the Eustachian tube areshown by the manometer to 
be four times as great as the same influences proceeding from 
the auditory canal with closed tympanum. Politzer had al- 
ready obtained a similar result, finding the former effect 
three times as great as the latter. 

2. When the variations of pressure are allowed to act 
directly and exclusively upon the fenestra rotunda’ the 
manometer registers about the same result as that obtained 
from the Eustachian tube. 

3. If the connection between the incus and stapes be 
severed, and the tympanum being closed, the experiment 
be repeated from the Eustacian tube, the manometer shows 
a still further increase of a quarter. (This also agrees with 
Politzer’s experiments.) 

From this series of observations, as well as from others, I 
became convinced that the action of variations of atmos- 
pheric pressure, produced within the middle ear through 
the Eustacian tube, is concentrated almost exclusively upon 
the membrane of the fenestra rotunda, while influences 
coming from the opposite direction, and acting upon the 
Mt and base of the stapes, seem to be almost neutralized. 





1 Experimentelle Untersuchungen ueber den Schallleitungsapparat des men- 
schlichen Ohres.—Archiv. f. Ohrenheilk., Bd. xvi., S. 1-50. 


* How this is effected is explained in detail in the treatise just mentioned. 
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The independent mobility of the base of the stapes was 
found to be =; mm (0.063) by the manometer. Helmholtz 
found this to be 7 mm. On the other hand, the capacity for 
motion of the membrane of the fenestra rotunda was found 
to be 0.36 mm, or more than 54 times as great as that of the 
base of the stapes. Moreover, this membrane was found 
to be extremely susceptible to motion upon the slightest va- 
riation of pressure. 

A much more extensive series of experiments, subse- 
quently undertaken by me, confirmed the essential points 
of the results first obtained ; and, finally, substantial cor- 
roboration was furnished by the post-mortem observation of 
a case of incomplete ankylosis of the stapes,’ in which, 
notwithstanding the immobility of the stapes, I succeeded 
in obtaining the same amount of motion, by means of vari- 
ations in pressure, conducted through the Eustachian tube, 
and acting exclusively upon the membrane of the fenestra 
rotunda. 

Therefore, according to the communicated results of ob- 
servation upon the cadaver, differences of pressure arti- 
ficially produced in the cavity of the middle ear through 
the Eustachian tube, may cause tension of the sound-con- 
ducting chain, or, rather, of its first part, the J/¢, but very 
little or no motion of the base of the stapes; while in the 
living, as well as the dead subject, the same varying condi- 
tions of pressure produce free motion of the membrane of 
the fenestra rotunda. In the Valsalvian experiment this 
movement is towards the labyrinth, while in the experi- 
ment by aspiration it is towards the tympanum. Motionis 
much easier in the latter direction than in the direction 
toward the labyrinth, since there is no fluid to be overcome 
in the tympanum, and the fluid of the labyrinth, corre- 
sponding to the bulging of the membrane, may be supple- 
mented through both of the open aqueducts. 

Hence, if we, according to the common acceptation, sup- 
pose the sound-conducting chain (acting as a lever) to be 
the active agent for the transmission of the sound-waves, 





‘ ' *« Erklarungsversuch zum Verhalten der Luft- und Knochenleitung,” etc. 
be 
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whether by A. C. or B. C. and regard the membrane of the 
fenestra rotunda as an organ whose sole function is that of 
facilitating the yielding of the labyrinth fluid, it becomes 
evident that zencreased tension and restricted mobility of thts 
membrane may lessen the hearing power by either mode of 
conduction. 

The predominance of the tension of the Mz over that 
of the fenestra rotunda, or vzce versa, will depend upon the 
degree of pressure to which each of the membranes is sub- 
jected. If the tension of the M7? predominates, B. C. will 
still be favored as compared to the normal ear, as isdemon- 
strated by the results of the Valsalvian experiment cited 
above; whereas, if the tension of the membrane of the 
fenestra rotunda is in the ascendancy (which we may as- 
sume to be the case during the aspiration experiment), B. 
C. sinks below normal.’ An instantaneous equalization of 
pressure in the labyrinth does not take place in this in- 
stance, because this is antagonized by the force of capillary 
attraction in the two aqueducts and in the labyrinth itself. 

This is quite different where the rarefaction of the air in 
the middle ear depends upon pathological alterations and 
has developed gradually. Here there has been plenty of 
time for an equalization of the varying pressure in the 
labyrinth by means of the aqueduct uses, but more espe- 
cially by the vessels—analogous to the equalization ophthal- 
moscopically observable in the interior of the eye when 
subjected to long-continued pressure with the finger. In 
a like manner the membrane of the fenestra rotunda can pre- 
serve a position of equilibrium in which it is most accessible 
to incursions and excursions of the labyrinth fluid, notwith- 
standing the existence of irregularities of tension which 
affect the sound-conducting chain exclusively, such as ad- 
hesions, perforations, sclerosing processes, etc. 





1 Rinné’s experiment, which we may well regard as the finest test of the re- 
ciprocal relation existing between A. C. and B. C., although it gives a positive 
result during the experiment by aspiration, shows, however, a considerable 
shortening, as may be seen from the results of experiments upon my own 

erson : 
4 Tuning-fork A: Rinné+19, instead of +42; tuning-fork al: Rinné+22, 
instead of +30: tuning-fork all: Rinné+33, instead of +38; in every case, 
therefore, a relative predominance of the B. C. as compared with the normal 
unaffected ear. 
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We cannot entirely exclude the membrane of the round 
window from consideration of the variations of pressure 
produced by Gellés experiment and by pressure with the 
finger in the ear. 

In my “ Experimentelle Untersuchungen,” etc., I found 
that the fluctuations of the manometer, caused by variations 
of pressure from the auditory canal, were about one third 
less with the tympanum ofened from above, than with the 
closed tympanum. I attributed this difference, even at that 
time, to the fenestra rotunda; but, as already mentioned, 
there are so many disturbing influences at work here, that 
it is hardly worth while to attempt an explanation of their 
import regarding B. C. 

It has now become clear to us why the favoring influence 
of an increased tension of the sound-conducting apparatus, 
upon B. C. is much more evident, where pathological changes 
are present, than when these differences of pressure are mo- 
mentarily produced in the middle ear by artificial means— 
whether from the auditory canal or the Eustachian tube; 
and the permanent value of the many results obtained by 
tuning-fork examinations for differential diagnosis, is thus 
established. 

Upon briefly presenting the results obtained by the tuning- 
fork in dzsease, it is evident that the reciprocal relation ex- 
isting between A. C. and B. C. in cases in which the diag- 
nosis of middle-ear disease has been established by other 
methods, shows the sharpest contrast with that of the nor- 
mal ear. The most varied methods of examination all show 
this plainly: the almost constant results obtained by We- 
ber’s experiment, especially in acute middle-ear disease and 
in occlusion of the Eustachian tube; the negative re- 
sult of Rinné’s experiment, particularly in cases of old per- 
forations; also chronic sclerotic processes with greatly 
lessened hearing distance; above all, the very frequent 
existence of a real prolongation of B. C. in all of these 
affections. 

On the other hand, in diseases of the internal ear, whether 
traumatic, specific, or the defective hearing resulting from 
noisy occupations, there is a considerable diminution in 
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the hearing distance by A. C. and by B. C., both being 
affected equally ; and the relation existing between them, as 
compared with the normal ear, shows little, if any, essen- 
tial change. 

These regular clinical observations must be sufficient to 
remove all doubt regarding the diagnostic value of tuning- 
fork examinations in disease of the sound-conducting ap- 
paratus, even though the results obtained are not in strict 
accord with the outcome of physiological experimentation. 
This paper may be regarded as an attempt, at least, to ar- 
rive at such a result. 

The diagnostic importance of comparative tests of B. C. 
and A. C. must be limited, however, if we accept the above- 
mentioned theory of the functions of the membrane of the 
round window. 

Morbid processes affecting the membrane itself and caus- 
ing a decrease of its mobility, whether on the side of the 
tympanum or on that of the labyrinth, will, according to 
our suppositions, tend to counteract the favorable influence 
which disease of the sound-conducting chain exercises upon 
B. C.; hence, in our opinion, such diseases will decrease A. 
C. as well as B. C. 

To what extent this influence of the round window is 
really felt, can only be determined by more numerous post- 
mortem sections combined with manometric investigations, 
with the view of establishing definitely the degree of mo- 
bility of the membranes of the fenestre. 





THE DECREMENT OF SOUNDING-OUT TUNING. 
FORKS. 


By A. BARTH, or BERLIN. 


Translated by Dr. J. B. McManon, N. Y. 


(With two cuts.) 


T the last scientific congress,* when Hartmann pre- 
A sented a graphic representation of hearing-tests 
made with sounding-out tuning-forks, Jacobson among 
others, raised the objection that the logarithmic decrement 


of sounding-out tuning-forks was not constant, basing his 
criticism upon a statement in Hensen’s ‘“ Physiological 


997 § 


Acoustics. As these brief remarks of Hensen were the 
only ones to be found bearing on the subject, and since 
according to all laws of physics the decrement ought to be 
constant, an experimental determination of the question 
was very desirable, especially for otologists. Jacobson in 
an address, ‘‘ Acoustic Communications,” delivered before 
the Berlin Physiological Society,® reported some results of 
his investigations. The vibrations of the fork were re- 
corded directly upon a rotating drum by means of a lever 
attached to the tuning-fork. By measurement and calcula- 
tion it was found that the decrement, particularly for the 
extensive vibrations, was not uniform, but that the devia- 
tion was so slight that it may be entirely disregarded in the 
use of sounding-out tuning-forks for testing the hearing. 





1 «* Tagebl. der Vers. deutscher Naturf. u. Aerzte,” Berlin, 1886. S. 318. 
° ““ Hermann’s Handb. der Physiologie, II. Theil, S. 120. 
® Session July 15, 1887. 
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Jacobson saw that the vibrations of the tuning-fork were 
somewhat interfered with in the method used to record 
them. He therefore resorted to the use of a complicated 
photographic apparatus; and also exhibited a number of 
plates thus prepared. At the session, however, he did not 
give the results obtained by this method. 

I have occupied myself with similar investigations, made 
mostly in the Physical Institute. On the evening referred 
to, after hearing the address of Jacobson, I communicated 
the views I had been led to form on the subject. I shall 
here repeat them as concisely as possible. I shall further 
draw attention to a number of errors which readily creep 
into these observations. I wish, above all, to have it 
understood, that my investigations have convinced me, 
that under constant conditions, the decrement of sounding-out 
tuning-forks ts constant. 


Wo. 30. 7 | 
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I shall attempt to make clear by a single example, both 
the results and the errors. Let us examine Fig. 1. It is 
obtained as follows: An English tuning-fork (@), with at- 
tached weights, such as is used by otologists in the investi- 
gation of the lower tones has its handle firmly fastened in 
a vise. On the small upper surface of one of the arms, a 
sphere of mercury so small as to be barely seen with the 
naked eye, is attached by means of a minute piece of wax. 
The mercury, illuminated with sunlight reflected from a 
concave mirror, is adjusted under a microscope the tube 


1 The photograph had to be retouched to give a sharp picture. A number 
of characteristic features which showed in the original, are therefore lost in the 
cut. 
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of which, with a funnel-shaped attachment, acts as a photo- 
graphic camera-obscura." When a suitable’ illumination 
has been found, using diaphragms if necessary, to moderate 
it, very tolerable photographs of the vibrations can be ob- 
tained. The accompanying one was procured with the use 
of a Hartnack No. 2, the plate (bromide of silver and gela- 
tin) being about 28 cm distant from the objective. I 
have estimated the magnifying power of such an arrange- 
ment at twelve to fifteen times. The photographs were 
taken in the following manner: A metronome beating 120 
times per minute, was set in motion. The plate having 
been introduced and uncovered, the tuning-fork was struck; 
at every second tick of the metronome, the plate was car- 
ried forward a little by a slight blow on the holding-frame 
with a light wooden hammer. 
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‘This arrangement which for ordinary purposes gives quite satisfactory 
microphotographs, I obtained some years ago from Liesegang, in Disseldorf, 
for 30 marks. It can be adjusted to any microscope. 
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Thus a series of parallel lines is obtained, becoming 
smaller with the ‘‘sounding-out” of the fork. Each line 
represents an exposure for one second and records the 
amplitude and number of the vibrations in addition to 
other less important qualities during this period. I have 
measured fifty of the lines, corresponding to a duration of 
fifty seconds, and have arranged these figures in the accom- 
panying table, together with the computed decrement. 
This decrement is represented in curve A (Fig. 2) and 


Fic. 2. 


forms an approximately straight line (z. ¢., a constant) for 
the first twenty-five seconds. Upon another plate I have 
obtained this (the straight line), with the same tuning-fork, 
for a period of four seconds longer. After the twenty-fifth 
second fluctuations occur, which increase as the vibrations 
diminish in amplitude. If one inspects the curve, however, 
he sees that this cannot possibly be correct; for in a move- 
ment, following a sort of geometrical progression, the 
decrement cannot fall to one (which implies uniform mo- 
tion), and then without any external interference again rise 
above the normal. On comparing the figures used in the 
computation, it is seen that these variations are simple 
errors of observation and depend on the inexactness of ex- 
ceedingly small values. One is convinced by a study of 
curve A (Fig. 2) that as soon as the vibrations have gained 
their equilibrium after the striking of the tuning-fork, the 
decrement remains constant. 

It is easy to understand what a large number of errors 
can find their way into the observations since, even an ap- 
proximate result is viewed with some satisfaction. Of 
these errors I shall mention: 

1. The aberration of the lenses, a source of error which 
cannot entirely be obviated. 
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2. The vibrations caused by pushing forward the plate, 
the movements of the photographer, and the street traffic 
which doubtless are conveyed to the tuning-fork and to 
certain extent interfere with and tend to diminish its vibra- 
tions. During the passage of wagons along the street I 
have seen the light-point move to and fro most irregularly ; 
during such disturbances a straight line was never to be 
obtained. 

3. After a little while it is possible to regulate the move- 
ment of the plate so nicely that the blow of the hammer 
and the stroke of the metronome are heard as a single 
sound ; still minute variations will often occur which can- 
not be looked upon as of no account, when we consider the 
smallness of the values under consideration. 

4. The light-point is not a mathematical point, but has 
a definite size for us,—here, for example, 0.3 mm If we 
fail to subtract this from the entire series of amplitudes, 
the smaller vibrations will be too great in proportion to the 
more extensive ones; which means that the smaller the vi- 
brations the smaller will the decrement seem to be. This 
error increases instead of decreasing, as the amplitudes are 
more strongly magnified. 

5. With the more extensive amplitudes an equal amount 
of light must be distributed over a larger area, in the same 
time, than with the smaller ones; the former are, there- 
fore, proportionally less distinct, especially at the ends, as 
with each vibration the amplitude diminishes. Therefore, 
with this method of measuring, the ends of the lines which 
represent the amplitudes of the vibrations, and especially of 
the greater ones, become somewhat indistinct. 

6. An additional phenomenon, due to the peculiar action 
of the moving light-point on the plate, is that when the 
greater amplitudes are scarcely recognizable, the smaller 
ones show over-exposure; for they receive from fifty to 
one hundred times as much light. This results in radiation 
and blurred outlines, which cause the lines to appear too 
long upon measurement. The effect of this over-exposure 
can be well seen in the point x, which represents the light- 
point before the sounding of the tuning-fork, as it also ap- 
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pears after the cessation of the vibrations upon the other 
side. 

7. Perhaps the last two considerations explain why I 
have obtained the best results with simple measurement of 
the lines with the compass and estimating with the naked 
eye up to 4, mm. In measuring with microscope and divid- 
ing-apparatus I obtained both on plates and upon paper 
prints much more variable results; the picture allowed 
much more play for subjective perception than in the 
simple measurement with compass. 

8. The values finally become so small that even if the 
estimation of 54, 7m were accurate, the measurement would 
still be too coarse to give sufficiently accurate results up to 
the dying-out of the sound of the fork. This also explains 
the marked variations which occur after the fork has been 
sounding more than half its time. (Compare curve A, Fig. 2.) 

All these sources of error are in themselves small, but 
still they occasion a certain variation in the value of the 
decrement. This variation becomes more marked the more 
we are obliged to use small quantities in the calculation 
(curve A, Fig. 2, 25 to 50). The variations are also far 
more apparent and multiplied if we estimate the decrement, 
not from second to second, but during greater intervals, as, 
for example, every five seconds; and as fewer points are 
taken into consideration, curve B (Fig. 2) seems to present 
much greater variation than the curve A (Fig. 2), which is 
reckoned from the same figures, but for smaller intervals of 
time. 

Hensen, who, by the way, does not state how he made 
his investigations, seems to me to have erred principally in 
points four and nine. 

With all these sources of error, which cannot entirely be 
obviated, it seems to me very doubtful if it will ever be 
possible to obtain absolutely exact and, according to my 
view, constant values by any method. The best results 
would probably be obtained if the vibrating tuning-fork 
were photographed so that the length of individual vibra- 
tions could be measured. But here also the thickness of 
the line would have to be taken into account in the com- 
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putation. As applying to the accompanying drawings and 
values, I would state that the decrement (a rated at 220 
vibrations) ranged between 1.000433 (= logo. .0001881) and 
1.000350 (= logo. .0001519). The marked variations which 
appeared later I leave out of consideration, for otherwise 
one would have to recognize a log. o. 

Incidentally I would draw attention to the fact that the 
photographs show very clearly how the light acted much 
more intensely at the ends of the amplitudes than in the 
middle; the reason being that in the middle the movement 
is more rapid. 

The tuning-fork continued to be heard about seventy 
seconds by a normal ear when set in vibration, as it was for 
the photographic process. The photographic representa- 
tion gives about the same results. 





CLINICAL AND PATHOLOGICAL-ANATOMICAL 
CONTRIBUTIONS TO THE OPERATION OF 
OPENING THE MASTOID PROCESS. 


By Dr. A. HEDINGER, or StuTtTGarrT. 


Translated and Condensed by CHARLES H. May, M.D., New York. 


CASE I.—Acute otitis media with perforation ; subsequent 
inflammation of the antrum and of the mastoid cells ; edema 
of the mastoid process; edema of the dura mater and of the 
brain, thrombosis ; operation ; death. 


Prof. K., age forty-five, acquired an acute otitis media of the 
left ear, after a severe cold early in April, 1886. 

First examination, April roth, four days after invasion, showed 
considerable narrowing of the canal, great redness of the mem- 
brane, and small granulations blocking up the perforation in the 
postero-inferior quadrant; suppuration very profuse; severe 
pain in the ear and over the entire left side of the head, and 
with this constant tinnitus and throbbing ; absence of tenderness 
and oedema over the mastoid process ; no fever; pulse of nor- 
mal frequency. Patient is strong, well-nourished, and of healthy 
color, somewhat depressed mentally and overpowered by pain.’ 

After destruction of the granulations with chloride of zinc and 
chromic acid, the perforation was found to be of large size and fa- 
vorably situated in the postero-inferior quadrant of the membrane, 
and there was no impediment to the escape of pus. A swelling 
of the external meatus, probably produced by the suppuration, 
was relieved by the use of leaden tubes and of cotton tam- 
pons. Inthe meanwhile, granulations had reappeared and were 
cauterized with chloride of zinc and resorcin. 





1 According to his attending physician, he had previously suffered from in- 
somnia and albuminuria. 
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This condition, with its severe suppuration, recurring swelling 
of the canal, recurring granulations at the membrane, almost 
constant pain in the left ear, headache, tinnitus, and throbbing, 
lasted four weeks; during this time there was but little tenderness 
and no swelling around or over the mastoid process; with the 
exception of one evening, when it rose to 38.2°, there was no 
elevation of temperature. 

After contracting another severe cold, there appeared, several 
days after, considerable swelling in the left temporal region, with 
tenderness but no fluctuation ; cedema and tenderness over the 
mastoid process ; considerable narrowing of the external meatus, 
principally through swelling of the upper wall ; severe pain in the 
vertex and occiput, which caused insomnia and a somewhat ele- 
vated temperature. These served as indications for a deep incis- 
ion into the upper wall of the canal, which was followed by 
considerable hemorrhage and by great improvement, Poultices, 
day and night ; morphine at night. Two days later, the edges of 
the incision having become adherent, a second incision down to 
the bone was made into the upper wall of the canal, and the 
poultices continued. This caused a disappearance of the tumor 
in the left temporal region, but swelling soon concentrated itself 
over the mastoid process, and fluctuation was soon plainly to be 
felt here. . 

June 13th. Opening of the abscess (I.) by Dr. Burckhardt ; in- 
cision 2 cm in length, close to the upper attachment of the 
auricle, depth of 5 cm in the direction of the upper bony wall of 
the external meatus. Removal of two tablespoonfuls of pus; in 
the depth of the wound an exposed area of bone of the size of a 
lentil can be felt; no communication exists with the external 
meatus ; drainage-tube ; antiseptic dressing applied. daily for ten 
days. 

The suppuration from the ear remained as profuse as before ; 
there was but little from the drainage-tube. The perforation be- 
came smaller again, and there was great pain; enlarging the 
opening in the membrane on June 23d did not prevent increased 
swelling over the mastoid process. Upon the occurrence of dis- 
tinct fluctuation, June 3oth, an incision was made near the limit 
of the hair (II.) at the postero-superior border of the mastoid 
process, considerable pus was evacuated, and a slight communi- 
cation with the external meatus was established ; no exposed, 
carious bone could be felt here; drainage-tube; antiseptic 
dressing, 
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Eight days later I made a counter-incision (III.) along the 
anterior border of the apex of the mastoid process, and estab- 
lished a communication between the two by means of a drain- 
age-tube. After the third incision, also, no exposed bone could 
be felt. |b granulations diminished in size and the patient im- 
proved sx «at he was able to be about. 

During i 1e weeks the patient was treated daily. As a result, 
the pus often disappeared entirely ; at other times a little exacer- 
bation with increase of discharge from the ear and swelling in the 
region of the mastoid process would take place. 

August 2d, drainage-tube I. could be removed, and two weeks 
later drainage-tube II. ; drainage-tube III. discharged but little, 
and the ear was often perfectly dry for several days at atime ; no 
pain, pulsation, or fever. 

Gradually the pus became less and less ; drainage-tube III. still 
discharged a little ; the patient felt perfectly well. 

After attempting to remove drainage-tube III. on Sept. rath, 
almost complete closure of the fistula resulted, accompanied by 
slight symptoms of retention, so that is was necessary to reinsert 
it, to reopen cicatrix IJ. and to re-establish the communication be- 
tween the two. 

This slight relapse was quickly controlled by poultices, and 
drainage-tube III. had so trifling a discharge that it was removed 
Sept. 26th. 

Then suddenly the patient again caught cold, followed by 
renewed discharge of pus from the ear, swelling at the apex of 
the mastoid process, severe pain, vomiting, insomnia, and fever. 
Drainage-tube III. was reinserted, but gave exit to but little dis- 
charge ; the swelling behind the ear increased so rapidly that I 
had the patient brought to the hospital for the purpose of open- 
ing the mastoid process. 

Present condition, October 3d, was as follows : 

Considerable muco-purulent secretion in left auditory canal. 
Behind the auricle, on a level with the external auditory canal, is 
a small fistula ; surrounding ‘this in all directions (upward and in 
front to the temporal region) there is oedematous swelling and red- 
ness. No disease of internal organscan be demonstrated. Pulse 
80-86, pretty strong. Washing-out of external canal; politzer- 
ization ; morphine at night. 

October 3d.—Operation under anesthesia. 
Cutaneous incision behind the ear, vertically along the mastoid 
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process, subsequently enlarged in a curved direction downward 
and backward, and upward and backward where there was exten- 
sive undermining by the pus above the auricle. Drainage-tubes 
were introduced directed towards the temporal bone (beneath 
the temporal muscle) ; burrowing below and in front beneath the 
sterno-cleido-mastoid ; the index finger can be inserted to its 
middle ; drainage-tubes introduced. 

Bone is not exposed at any part, except at the posterior and 
inner portion of the mastoid process where it seems to be exposed 
and roughened. 

Removal of a piece of bone about the size of a dime from the 
outer layer of the mastoid process with hammer and chisel exposes 
granulated tissue; this is carefully removed with the sharp spoon. 
Pus is not found here—at least not in large quantity. Finally the 
sharp spoon can be introduced so far that it is assumed, from the 
direction, that the antrum of the mastoid has been opened, and 
therefore no further advance is attempted. Communication with 
the external auditory canal by escape of the irrigation fluid can- 
not be demonstrated. Drainage-tubes introduced vertically into 
the opening of the bone. Wound stuffed with iodoformized 
gauze, the upper and posterior lips only are sutured. Little 
hemorrhage. . 

Evening.—Nausea, no vomiting—result of chloroform; un- 
quenchable thirst ; no pain ; normal temperature. 

October 5th, A.Mi—Vomiting of dark-brown masses (source un- 
known) ; slight headache, “contracted.” No complaint about 
the ear or its surroundings. 

Change of dressing. The previously oedematous and infiltrated 
walls have become reduced, especially in the temporal region and 
in front of the external auditory canal; very little pus can be 
wiped out of the cavity in the bone. 

Vomiting, sleeplessness, festlessness, general malaise, annoying 
thirst. | 

October 5th, p.m.—Secretion in external ear is very trifling ; in 
the wound there is somewhat more abundant suppuration. Iced 
champagne. Little fever. 

October 6th.—No sleep during the past night despite 0.02 
morphine ; moderate rise of temperature. In the evening, between 
five and six o’clock, there was again copious vomiting (dark-brown 
masses—has drunk coffee). Patient very irritable, at times 
somewhat somnolent ; complains of “ tight” head, annoying pal- 
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pitation of the heart, and thirst. Pupils equal. Pulse more fre- 
quent, small. Temperature, 38.2°. Patient is to have no food or 
drink for several hours ; poultices to gastric region ; hypodermic 
injections of camphor. 

At 9.30 P.M.—Rapidly increasing stupor. Pulse, 120. 

October 7th.—Pinched appearance ; nose and extremities are 
cold and pale; patient generally restless ; constantly demands 
water ; does not answer ; eyes usually closed ; respirations pretty 
quiet; pulse, 120, small ; temperature, 38.5°; no more vomit- 
ing. Enemata of wine and peptone, also champagne and ice and 
bouillon by the mouth. 

2.30 P.M.—Stupor complete; extremities paralyzed; pupils 
moderately dilated ; weak corneal reflex. Pulse scarcely percep- 
tible (heart, 146). 4 P.M., died. 


Autopsy. 

No swelling about the wound; granulations normal. Very 
little purulent secretion and no odor—the three drainage-tubes 
contain no pus. 

Upon separating the skin and periosteum, an opening into the 
bone about the size of a lentil is seen, corresponding to the first 
opening into the antrum of the mastoid already described, having 


a depth of 2.5 cm, and terminating at a transparent area, 2 cm long 
and 5 mm wide in the middle of the anterior part of the petrous 
portion of the temporal bone; there are also two similar areas 
corresponding to the second incision in the anterior occipital 
region. Pus cannot be seen in them. Besides these, there are 
four additional openings in the post-occipital region, in part repre- 
senting enlarged emissary foramina. In the neighborhood of these, 
corresponding to the posterior upper and lower fistulous open- 
ings there is an osteoporous condition for about an area of the 
size of a fifty-cent piece.* The carotid, Eustachian tube, etc., 
presented nothing peculiar, 

The wound in the bone produced by the operation is triangu- 
lar in form, base upward, about the size of a hazelnut, extending 
2 cm inward and reaching to the periosteum of the cranial cavity, 
beneath the sigmoid sinus ; below it is continued for 1 cm into 
the sclerosed apex of the mastoid process through an enlarged 
cell of about the size of the seed of an apple; it connects with 
the antrum by an elliptical opening leading into the petrous por- 





1 The figure resembles Orion of the sky. 
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tion of the temporal bone to the depth of 34 cm from the sur- 
face. Greatest depth of the opening up to the point at which 
chiselling was discontinued, 2.7 cm from the surface. At first the 
bone was sclerosed to a depth of 20 mm, then came diseased, 
bony tissue with pus showing through, 

In the transverse sinus is a large thrombus which cannot be 
separated from its wall, and which extends to the jugular fora- 
men; in the inferior petrosal sinus there is also an adherent 
thrombus ; the dura mater on the inner side of the petrous 
portion of the temporal bone, corresponding to the centre of the 
sigmoid groove, is attached and greatly thickened. Closer exami- 
nation shows the periosteum of the bony wall in this situation to 
be immensely thickened, and over an area of the size of a large 
pea it is separable from its support. The explanation of this is, 
that it is accessible from the opening made in the operation, and 
represents an opening into the cranial cavity separated from the 
brain by the thickened periosteum. The thickening of the peri- 
osteum extends far beyond the jugular foramen. Pus cannot be 
found anywhere in this situation, but is seen at the four openings 
in the occipital region formed by the coalescence of enlarged em- 
issary Openings. At one place the connective-tissue partition is 
so very thin that it can be assumed that a rupture was imminent. 

At two points of this collection of pus, the sound passes 
through the thickness of the cranium up to the dura, but the lat- 
ter is free from perforation and pus. No thrombus in the supe- 
rior petrosal sinus ; everywhere the dura mater is clouded and 
partly thickened, undoubtedly the result of a process of some 
duration. All over there is marked cedema beneath the dura 
mater and inthe brain ; this is present everywhere on both sides. 

Mt enormously thickened, having three perforations which are 
covered in by large granulations. The tympanum showed no 
defect at any point ; its roof, however, was considerably under- 
mined, and formed of diseased, softened, and friable bony tissue. 

Upon opening the tympanum pus is found everywhere ; also, 
granulations and progressive disease of the bone. From here, 
probes could be passed in all directions, but most readily toward 
the opening of the antrum; here the disease of the bone had 
advanced so far that in a short time a breaking down would have 
taken place. 

From the foregoing it will be seen that the antrum communi- 
cated with :— 
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1. The bony fistula situated above the ear by means of a 
straight canal pervious to an ordinary-sized probe (spontaneous 
opening into the antrum and escape of pus externally). 

2. Cells of the mastoid process by means of a very wide canal, 
which also permitted the escape of pus at the operation. 

3. The external meatus, indirectly, by means of the three 
perforations of the membrane. 

From the centre of the mastoid process, as well as from the 
numerous openings mentioned above, communications extended 
everywhere in the direction of the transverse sinus into a spacious 
cavity about the size of a small hazelnut, whose roof was formed 
only by thickened periosteum and connective tissue, and was so 
delicate at one point where the groove of the transverse sinus 
meets the pyramid of the petrous portion of the temporal bone, 
that probably it would soon have broken through. 

The openings of the emissary veins on the inner surface of the 
cranium communicated directly with the antrum and indirectly 
with the other openings of the occiput, where the large osteo- 
porous area was situated and where the pus travelled into the sec- 
ond and third drainage-tubes. At the angle which the transverse 
sinus forms with the petrous portion of the temporal bone, the 
periosteum was web-like, and the probe at once’ passed into 
the cranium. 

The dura mater over an area corresponding to the mastoid an- 
trum presented a dirty greenish-yellow discoloration, as well as 
great thickening. The diseased bony tissue also extended a con- 
siderable way into the pyramid of the petrous portion of the tem- 
poral bone ; the semicircular canals, as well as the cochlea, were 
also involved to acertain degree. The base of the stapes with 
the annular ligament closed the vestibule ; but the bony horizon- 
tal semicircular canal seemed enlarged throughout, and was filled 
with a cloudy fluid. The corresponding membranous semicircu- 
lar canal could no longer be found. Possibly this condition had 
some connection with the purulent degeneration of the membrane 
of the fenestra rotunda, which was open. The internal auditory 
meatus was very wide; the acoustic nerve was greatly injected 
and softened. 


There were therefore the following outlets for pus: 

: Externally, through the Mt and the meatus. This 
was utilized by the three perforations in the Mz, two of 
these, however, were situated too high, and the third, the 
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posterior one, was obstructed by curtain-like granulations ; 
so that complete evacuation externally certainly never oc- 
curred, although only general symptoms, which always 
disappeared after opening the abscesses, indicated this. 
One would have thought that after fistula I., above the ex- 
ternal auditory canal (bony fistula),ceased discharging, a cure 
of the carious process would result ; and probably the pro- 
cess in this part of the temporal bone was diminishing for 
a time, and tending towards cure; for no more pus was 
secreted after the patient was in a comparatively good con- 
dition, and at post-mortem none was found. This, too, 
was the reason why the second operation was not continued 
at this spot. There was neither a carious spot nor any 
other indication for opening the mastoid process, since pus 
had sufficient means of escape from the antrum. 

2. Directly outward without involving the tympanum, by 
a canal wide enough to allow the passage of a probe into 
the antrum. The fact that the inflammatory process ad- 
vanced constantly and was able to advance to the pyramid 
of the petrous portion of the temporal bone without giving 
rise to dangerous symptoms, is evidence that other internal 
conditions existed which were not removed by the produc- 
tion of a short direct outlet. At the very most, we could 
say that, at the beginning, the following-up of the collec- 
tions of pus from the subcutaneous cellular tissue into the 
antrum might have been successful; but at that time, there 
were absolutely no indications for this. It is much more 
likely, and the extension of the pus through the emissaries 
corroborated this, that we were dealing with a case of 
slowly-developing sepsis. 

The inflammatory process advanced from this point to 
the mastoid process, and then abscesses II. and III., behind 
the ear, began to form, and probably were soon in commu- 
nication with the principal cavity beneath. the dura mater ,; 
the latter very likely began to form at the time of the first 
rupture above the ear. 

This (3) outlet-canal of the mastoid cells extended in the 
Opposite direction beneath the dura mater, where a bony 
Cavity of the size of a small hazelnut was situated, exactly 
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beneath the sigmoid sinus. Since the dura was not injured 
anywhere, this cavity represented a reservoir of pus which 
could empty itself by way of the antrum, or by means of the 
four enlarged emissaries opening into it. 

Here, too, just as in a previous case published (Zez¢s- 
chrift f. Ohrenheilk. Bd. xiv., S. 48), the upper opening 
broke at last through the vitreous table from without in- 
wards, without however discharging pus, because the very 
thin periosteum still covered it; this certainly would have 
become perforated shortly. 

The cells of the sclerosed mastoid process presented, with 
the exception of a canal which prepared the way for rupture 
posteriorly, a collection of pus receiving tributaries from all 
sides and discharging externally by means of the different 
fistula. It was, therefore, in a certain sense, the principal 
cavity from which the purulent and destructive processes 
spread toward the antrum and toward the cavity beneath 
the transverse sinus; these processes, as the extensive de- 
struction proved, would not have stopped even after the 
opening of a wide passage for discharge, just as they would 
finally have resulted in perforation above the antrum and 


perhaps also at other places, with fatal consequences, z/ 
chronic septic intoxication had not caused death sooner. The 
marked cerebral cedema was without doubt one of the final 
changes. The fever during the last few days and the con- 
stant vomiting, speak for sepsis and not inanition. 


Remarks. 


Would an earlier operation have saved life? In this case 
it is very difficult to give a satisfactory answer. 

If we briefly review the course of this peculiar case, we 
find that during an acute otitis media in a patient who suf- 
fered for months from insomnia and albuminuria, an abscess 
appeared above the ear. After emptying this, and without 
any symptoms of more extensive disease, another abscess 
formed further back; this was also emptied and drained, 
and afterwards provided with a deeper counter-opening. 
Now it seems, since the general condition was a satisfactory 
one—the pain in the head was only vague,—that every 
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thing was taking a slow but normal course. The first drainage- 
tube could be removed ; the opening healed, as did also the 
second opening not long after. The third one, the lowest, 
was constantly discharging less pus; by strong pressure 
upon the post-cervical and occipital regions, pus could be 
made to flow from the draining-tube in increased quantity, 
and could even be made to flow from the ear without there 
being any swelling or redness worth mentioning at any 
point. Later, too, at the beginning of the sixth month, 
the general condition still remaining good, the occipital 
region became greatly swollen several times as a result of 
cold, the discharge of pus diminished, and pain ensued ; 
these symptoms subsided after the use of poultices, and 
then the patient was again in a pretty good general condi- 
tion. Sleep improved considerably, and the appetite was 
very good; fever was generally absent. 

The last opening with drainage constantly discharged less 
pus, and the probe, as with former fistule, failed to show 
decidedly rough bone anywhere; sometimes it seemed as if 
it passed over a hard, infiltrated spot, but the osteo-porous 
condition explained this. The quantity of pus was change- 
able. A complete arrest of the discharge of pus could not be 
confirmed, and could certainly only be supposed to exist for a 
short time during the commencement of the disease. 

Finally I removed the drainage-tube from the last open- 
ing, probing daily; there was not more than a drop of 
watery fluid (no pus) discharged every day; the fistula 
healed September 27th. September 28th there was pain 
over the entire head as a result of a cold. Swelling and 
redness appeared over the tip of the mastoid process ; the 
fistula had opened again, but discharged little. Pus came 
plentifully from the ear after poulticing. The drainage- 
tube was again inserted. There was insomnia and fever. 

The next day there was a great discharge of pus from the 
ear and from the fistula, especially upon pressure from 
behind and below in an upward and inward direction; the 
redness and swelling at the mastoid process had almost en- 
tirely gone, but appeared prominently further up, corre- 
sponding to the second incision and its neighborhood. 
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Considerable fever ; vomiting several times. These symp. 
toms increased October 2d, so that I contemplated opening 
the mastoid process. 

From what has been stated, it will be seen that we were 
certainly not dealing with a simple case of acute otitis media 
which spread inwardly because the pus did not have suff- 
cient means of escape externally, and one which, under all 
circumstances, would have subsided after an early opening 
of the mastoid process. It is more probable, from the fitful 
course and the extensive disease of all parts of the ear and 
its surroundings, that a deeper general disease was at the 
bottom of the process and prevented the cure of the 
trouble ; for even if the cerebral cedema of the last days had 
not increased until a fatal issue resulted, the cure of this 
severe disease of the bone, even after an operation, would 
have been very improbable; and the probability of rupture 
at several places was demonstrated at the autopsy. Large 
collections of pus were not found—the opening of the 
mastoid process exposed very little pus; most of the pus 
came from the osteo-porous tissue behind the ear and in 
the post-occipital region. The case was one of extensive 
disease of the bone in a man weakened by another serious 
disease (albuminuria), in whom, in the course of a sickness 
lasting six months, chronic septic infection set in. 

It might be said that the mastoid should have been 
opened at the time of the first operation. Dr. Burckhardt, 
who opened the abscess during my absence, found as little 
indication for this step as I did, until the last suddenly-ap- 
pearing exacerbation, when the operation was immediately 
advised. 


CASE II.—Acute otitis media with perforation ; resulting 
inflammation of the mastoid process and of the mastoid portion 
of the temporal bone behind the digastric fossa ; opening of an 
abscess-cavity between the cervical muscles ; cure. 


Geo. R.; age 50. Acquired a severe otitis media of the left 
side after a bath early in July, 1886. For six weeks he suffered 
from severe headache, fever, buzzing and throbbing in the left 
ear, and vertigo. These symptoms were increasing so that the 
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patient could not leave his bed at all, when suddenly pus escaped 
from the left ear. The pain was agonizing, fever reappeared, 
and the vertigo became marked especially upon sitting up in bed. 
The attending physician diagnosed “inflammation of the brain,” 
gave morphine and had the left ear syringed out daily. At the 
end of three weeks the patient was able to leave his bed and to 
present himself for treatment. 

Present Condition, Sept. 20, 1886: Pale and emaciated. Left 
external meatus is very narrow. Left J/¢ is very red, the upper 
part bulging; a perforation, occluded by a small granulation, is 
seen in the post-inferior quadrant. Left Eustachian tube is per- 
vious — weak, fine perforation-noise. Some cedema over the 
mastoid, especially at its apex; the latter is very tender on pres- 
sure. There is headache, radiating pains, stiffness of the neck, 
vertigo, and buzzing and throbbing in the left ear. 

A free incision into the 4/7, destruction of the granulation, and 
poulticing were followed by great relief; the discharge of pus 
from the ear was considerable and continuous. Chloride of zinc 
and resorcin were applied alternately, and proved very efficacious 
in enlarging the opening and in causing its margins to become 
smooth and hard and showing little tendency to close up. 

When the pus had free escape there was no tenderness or 
cedema of the mastoid process; but when the discharge dimin- 
ished, this entire neighborhood became swollen and painful. 
After five weeks of daily treatment, all symptoms had subsided ; 
the discharge of pus was very small; the head could be moved 
readily ; the mastoid process was without pain or swelling for 
twelve days ; the general condition had improved considerably ; 
patient looked bright, appetite was good, and his strength satis- 
factory ; the perforation in the membrane was the size of a lentil. 

Six days afterwards the discharge of pus again became more 
profuse, this being preceded by a recurrence of severe pain in the 
ear; the mastoid process again became painful, the region of its 
apex somewhat swollen, and with these there was violent headache. 
The perforation had become smaller ; buzzing and throbbing in 
the left ear had become severe again and the neck was moved 
with difficulty. 

The next day the swelling over the mastoid process had be- 
come greater, and upon pressure, an abundant flow of pus 
through the auditory canal was produced; the head felt very 
much constricted ; there was great weakness, palpitation of the 
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heart, vertigo; urine was free from albumen; no fever. The 
perforation of the drum-membrane which had become smaller 
was enlarged by another large incision. The escape of pus was 
free. Poultices. 

Nov. 13th. The swelling at the tip of the mastoid process has 
become greater; also the redness and tenderness ; pus profuse ; 
marked sweating ; very restless nights on account of severe pain 
in the occipital region. It was decided to operate the next day. 
It was easily to be seen that this was not a case simply calling 
for an opening into the mastoid process, but that like Case I. 
complications could be expected. 


First operation Nov. 14, 1886, by Dr. Burckhardt : 


A vertical incision was made extending from the temporal line 
to the level of the horizontal portion of the lower jaw, and pus 
was emptied ;:then the mastoid process was chiselled up to the 
level of the upper border of the meatus, without the discovery of 
pus. The mastoid process was sclerosed. Then a horizontal 
incision was made backward from the centre of the vertical one, 
but again without striking pus. Then a projection was removed 
from the posterior border of the mastoid process. Diseased bone 
was found at the anterior margin, and here the chisel was ad- 
vanced in the direction of the antrum, until a few drops of pus 
came, a depth of from 2 to 3 cm from the surface of the bone 
having been reached. On account of the infiltration of the oc- 
ciput, an incision 5 cm long was made behind the mastoid pro- 
cess down to the bone and a drainage-tube inserted ; here no pus 
was found. Another drainage-tube was inserted into the lower 
end of the incision in the neck, and the horizontal wound was 
sewed up. 

The temperature rose the next day, but the pain in the head 
ceased at once, and did not return. No pus worth mentioning 
now came from the ear, and after three days there was none 
at all. 

Nov. 15th. The swelling seems to limit itself to the region be- 
hind the mastoid process, and here an abscess has formed. 

The peculiarity of this case was, that although no pus of any 
account was found, the pain subsided, and the general condition 
improved. 

Nov. 17th. Whilst syringing out the ear, about half a spoonful of 
healthy pus was discharged, coming from the depth of the wound in 
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the bone ; this discharge continued, and from this opening there 
also came air upon blowing the nose. The pus was especially 
abundant on pressing upon the swelling in the neck. 

A second operation was performed Nov. 21st, a week after the 
first, to find the burrowing abscess itself, and if possible the cen- 
tral collection of pus from which this was fed; during the first 
operation this had been suspected, but advancing to the neces- 
sary depth had seemed too risky. 

The old opening behind the mastoid process had healed. 

The second operation may be divided into the following steps: 

(1) Extension of the original incision in the occiput, upward 
and downward almost to the lower attachment of the sterno- 
mastoid, Introduction of a blunt-pointed grooved director deeply 
at’‘the outer margin of the posterior belly of the sterno-mastoid, 
where it passes into a pus cavity about 5 cm long; this was 
emptied, and a drainage-tube inserted. 

(2) Chiselling-off of the part of the posterior border of the 
mastoid process still remaining. The cavity in which pus was 
found was lined with granulation tissue; its connection with the 
bony cavity cannot be found. 

(3) Chiselling-off of the portion of the posterior wall of the 
auditory canal which still projected ; no pus found; little hem- 
orrhage. lIodoform dressing. 

The success of the second operation was not as evident at first 
as it was later. For after the operation, the patient complained 
of pain in the wound, and the infiltration of the neck had dimin- 
ished but little; still there was no fever ; the secretion from the 
cavity of the abscess was profuse and serous, but the discharge 
from the opening in the bone was insignificant. However, the 
infiltration of the neck became less ; at the bottom of the wound 
and in the bone, there appeared good healthy granulations ; the 
secretion from the opening in the bone, as well as from the ear, 
ceased entirely ; from the recent operation-wound, the secretion 
became less and less as the healthy granulations induced a rapid 
and steady cicatrization. 

The patient was able to leave his bed after five days. Once, an 
increase in the secretion from the wound, which seemed too 
abundant to have come from the abscess-cavity only, appeared 
and lasted three days; this seemed to warrant the belief that a 
communication must exist with a cavity in the bone; but, at the 
same time, the infiltration in the neck increased, so that further 
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interference (removal of the posterior border of the mastoid) 
seemed indicated. 

But this was not necessary, for the secretion diminished con- 
siderably, and finally almost entirely ceased, so that the posterior 
drainage-tube could be removed and the wound healed (Dec. 17th). 
The wound in the bone was filled with healthy granulations, its 
opening became smaller, the infiltration in the neck disappeared, 
the secretion from the anterior drainage-tube became insignificant, 
so that this also could be removed (Dec. 19th) when healing re- 
sulted (five weeks after the operation). On Jan. 7, 1887, when the 
patient again presented himself, no change had taken place except 
an improvement in his general condition. 


Remarks. 


Neither the first nor the second operation revealed the 
central collection of pus; for by what route the pus which 
escaped from the antrum had come, by what channel it had 
.gained the abscess-cavity from between the muscles, was 
not discovered. The operator was aware of this, but he 
believed it advisable to await further results before pro- 
ceeding further in a wound, the depth of which was already 
uncomfortably great, and the successful result proved him 
to have been right. 

The important question which presented itself was, after 
there was apparently no mastoid process left and the base 
of the skull was exposed, in what bony parts of this region 
could cells still be encountered ? 

My examinations of the bony parts of the ear, and espe- 
cially of fifty-five mastoid processes have taught me that in 
by far the greatest number of skulls, a small area of bone is 
found behind the digastric fossa ; this area has a thin, spongy 
covering, and contains spaces which communicate with the 
larger cells of the mastoid process; but in a direct continu- 
ation upwards, at a depth of from 1 to 1.2 cm from the - 


surface, the transverse sinus is encountered. This part is 


not described in any text-book, and yet, in my opinion, it 
is one of the integral parts of this bone. 

Bezold is inclined to consider it a part of the mastoid 
portion—“ pars mastoid,” and has, on account of the ex- 
tension of the cells, selected this expression in his ‘‘ Cor- 
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rosions-Anatomie,” and distinguishes the real mastoid pro- 
cess from it. He writes me that he had often thought of a 
breaking -down at this spot, and had removed pus from 
this region by entering behind through muscles. 

Bezold illustrates casts of cells which belong to the poste- 
rior part of the mastoid process in question, separated from 
the anterior portion by the digastric fossa, in his “Corrosions- 
Anatomie’”’’: “ The cells here are larger and flatter and the 
ridges are narrower. The largest terminal cells are found 
at the greatest distances from the central cavities of the middle 
ear, at the extreme periphery of the temporal bone, now 
and then even extending all along the occipital and parietal 
sutures ; they are also found upon the under surface of the 
mastoid portion, in the upper root of the zygomatic pro- 
cess, at the apex of the pyramid, in the angle between the 
sinus of the internal jugular vein and the transverse sinus, 
and in the surroundings of the carotid. The position of 
these cells shows how difficult it must be for secretion to 
find a means of escape into the main cavities. But the local 
capacity for absorption occurs under far less favorable con- 
ditions in these large cells than with an equal area of smaller 
cells, which present a much greater surface in proportion to 
the amount of their contents. Hence collections of pus 
may persist for months in these large peripheral cavities, 
and may give rise to local inflammatory symptoms after 
the cessation of the process in the main cavity, and after 
reclosure of the tympanum. Severe lengthy tenderness, as 
for instance in the angle between the occipital and parietal 
sutures, and over the root of the zygomatic process, may 
be present for months after the beginning of a convales- 
cence, or a cure of middle-ear inflammation.” 

“These isolated collections of pus in the terminal cells 
of the mastoid process may become especially important 
when situated upon the uxder surface, as I have shown re- 
cently in the Deutsche med. Wochenschrift. On the outer 
surface of the mastoid portion, below and behind, there 





1 Bezold: ‘‘Corrosions-Anatomie des Ohres.” Munich, 1882. 
> Bezold: A new manner in which purulent inflammations may spread from 
the cavities of the middle ear, etc. No. 28. 1881. 
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is usually a spongy covering, and where this is absent a 
thick compact layer, so that direct exposure of the cells 
through exfoliation of the surface is rare. Among 400 
temporal bones, I found the zzner surface of the mastoid 
process or of the digastric fossa as thin as paper in 22 
cases; four of these 400 cases showed large openings, partly 
on the inner surface of the mastoid process, partly in the 
digastric fossa; in six cases, this surface had become broken 
through, in consequence of the thinness of its wall; in one 
case, there was found upon the inner surface of the mastoid 
process, a round opening of rather large size, the appear- 
ance of which seemed to indicate its origin in an inflamma- 
tory process of the bone. A perforation of the pus in this 
situation takes place zzternal to the three long and broad 
muscles, which are inserted into the outer surface and in- 
ferior border of the mastoid process, and may result in deep 
burrowing and undermining of the entire muscular mass of 
the back of the neck, sometimes extending down to the 
first rib. 

“Finally, the separation of a large district of cells from the 
principal cavities by newly-formed inflammatory membrane 
may give rise to subjective symptoms, even though there is 
no suppuration in this area; just asin simple closure of the 
Eustachian tube, we regularly experience feelings of fulness 
and of contraction of the head, and not infrequently head- 
ache. The same symptoms may occur not only with a last- 
ing occlusion of the entire middle ear, but also of a large 
area of cells which really constitutes by far the greatest part 
of the space of the middle ear. Possibly the favorable 
results of an artificial perforation of the mastoid process in 
those cases in which no pus is found, and yet the symptoms 
disappear after the operation, may be explained upon this 
pathological foundation. This supposition, however, cer- 
tainly fails to explain the numerous cases in which the 
operation shows the mastoid process to be sclerosed.” 

Elsewhere this author says: “ The inner surface of the 
mastoid process is not rough as it is externally, but smooth, 
and this wall is often thin and translucent. 

“ Anatomical relations can also give us information of 
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the direction which a collection of pus found in the 
digastric fossa can most easily take in spreading to the 
neck. The digastric fossa is filled up with the posterior 
belly of the digastric muscle; therefore the pus will flow 
along its sheath. Along the inner surface of this muscle 
the occipital artery runs, and its sheath can also convey 
pus. The collection of pus which has reached beneath 
the mastoid process in this manner, lies in a deep space; 
above are the three muscles which are inserted into 
the mastoid; the anterior borders of these muscles are con- 
nected with the parotido-masseteric fascia by strong con- 
nective tissue; behind, the tendons which move the head, 
including the Splenius Capitis spread out fanlike, and have 
connections with the tendon of the Trapezius. So that pus 
is prevented from discharging itself externally as well as 
above, and is compelled to pass between the deep muscles 
of the neck and back.” 

Bezold has demonstrated this mode of extension arti- 
ficially by injection masses. 

“It is not surprising, therefore, if this process lasts several 
months, and finally leads to fatal results through involving 
the vertebral column or the base of the skull. The constant 
pain in the occiput, which occurs later in the course of the 
process, is explained by the spread of the pus to the en- 
trance of the Occipitalis Major nerve into the posterior 
cervical plexus.” 

From the preceding observations, Bezold makes the fol- 
lowing therapeutic deductions: 

“Tf the muscular insertions on the mastoid process are 
raised, or the swelling is still more extended in this region, 
our interference should not merely be limited to affording 
an escape for the pus in the mastoid process itself, but we 
should also try to open up the collection of pus existing to 
the inner side of the mastoid process. The most natural 
route to this region is an opening through the mastoid pro- 
cess itself, which pierces the inner as well as the outer sur- 
face, and thus reaches the digastric fossa directly. My 
proposition in these cases, and only tn these, ts, therefore, not 
to commence the opening in the usual way at the level of the 
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auditory canal, and to carry wt into the central portion of the 
mastotd cells, the antrum, but to apply the chisel further down 
upon the mastord process and to perforate the entire thickness of 
this down to the digastric fossa.” 

‘Since exactly in these cases, as experience has taught 
me, pus is present more in the mastoid cells than in the 
central spaces of the middle ear, the opening just described 
is sufficient for the removal of pus from the latter situation 
also.” 

He illustrates this by citing a case in which a cure re- 
sulted after advancing to the digastric fossa, and allowing 
the pus to escape from here. 

The matter was certainly more difficult in our case. In 
the first place, it was not the mastoid process itself, but the 
portion of bone situated immediately behind it which was 
involved, and then, no boring through the mastoid process 
was attempted—this cannot always be done on account of 
sclerosis (as in this case). But this part was completely 
chiselled off, and even then no pus was found. Strictly 
speaking, however, our case is similar to the one in question, 
since any other explanation of the route of the pus from 
the mastoid process to the abscess cavity is not possible, on 
account of the absence of communicating cell spaces. 

There can be as little doubt about what the result would 
have been without operation, as there can be about the jus- 
tification for the operation. There can also be no doubt 
that opening the antrum only would not have resulted in a 
cure, after such a deep-seated abscess cavity had formed. 

It is certain that the proper proceeding in this case was the 
opening of the bony cavity behind the muscles, but the great 
danger of the operation is also evident; for the avoidance 
of the sinus, which lies directly over those cells, is extremely 
difficult, and warranted the expectant plan of treatment 
throughout. 

In cases in which similar symptoms and pain in the 
occiput, swelling, infiltration of the neck, or even burrowing 
abscesses are present, the indication is not to open the 
antrum, which is a much simpler matter, but at once to 
make an opening into the mastoid cells,—done by chiselling 
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away the entire mastoid process, carefully opening the pos- 
terior border, in case no pus be found. 

In addition, we are also taught that, in such cases, the 
indications for the operation must be considered more 
urgent than was formerly the case, and that such cases 
rarely are cured by conservative treatment—notwithstand- 
ing my having previously published a series of such cases. 

In the same way the question may be raised: Should the 
opening into the mastoid process not be made sooner, so 
as to avoid the greater operation of chiselling away the en- 
tire process? This question is naturally very difficult to 
answer, since we cannot see the spread of the pus, and can- 
not know whether it has not selected this rare mode of 
progress from the very beginning ; which is the more prob- 
able, because the symptoms regarded as typical in those cases 
were present from the first week of the sickness. This 
much can, however, be said, that an early opening certainly 
often prevents the spread of pus, even though, on the other 
hand, experience teaches that many such cases are cured 
without operation. 
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10. GRUBER, PrRoF. Dr. J. On the occurrence of green pus 
in the ear. Monatsschr. f. Ohrenheilk., etc., 1887, Nos. 6 and 7. 

11. ZAUFAL,E. Micro-organisms in the secretions of otitis 
media acuta. Prager Med. Wochenschr, 1887, p. 225. 

12, ARIZA, R. Le baccile de Koch dans I’ otite tuberculeuse. 
Ann. ad’ Otologie, etc., 1887, No. 4. 

13. WAGENHAUSER, Pror. Dr.—Tiibingen. Contribution to 
the pathology and the pathological anatomy of theear. Archiv. 
f. Ohrenheilk., vol. xxvi., p. 1. 

14. HABERMANN, Dr. J. Contribution to the pathological 
anatomy of the organ of hearing. From Prof. Chiari’s Patholog. 
Anatom. Institute in Prague. Delivered at the meeting of the 
society of German physicians in Prague July 1, 1887. With one 
plate. Reprint from the Zeitschr. f. Hetlkunde, vol. viil., p. 347. 

15. GRADENIGO, G.—Padua. Contribution to the study of 
primary otitis interna. With one plate. Arch. f. Ohrenheilkunde, 
vol. xxv., pp. 46 and 237. 

1. The specimen does not show any changes regarding the 
length and width of the Eustachian tube. About 1.5 mm from 
the pharyngeal end there is a sinus of the form and size of a 
small bean below, 7 mm in diameter, depth 6 mm. The mucous 
membrane, which is not considerably changed in the tube itself, 
forms in the diverticle, a thin and firm membrane. The author 
thinks the formation caused by congenital malformation or by 
acquired morbid changes. 

2. In order to get a good topographical specimen of the mem- 
branous labyrinth, the petrous bone should be well hardened in 
alcohol, decalcified with a 8.25-per-cent. solution of muriatic acid 
(for 6-8 days) and 1o- to 15-per-cent. of pure nitric acid should be 
added to the decalcifying fluid. In from one to two weeks the 
softened parts of the bone can be removed with comparative ease 
under water. The reviewer was able to convince himself, through 
the author’s kindness, of the availability of the method. 

5. This paper, in opposition to the views of RAHL and BAL- 
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FOUR, tends to prove that the chorda tympani in embryos of the 
Selachiano is originally nothing elsethan a dermal sensory branch 
of the facial nerve, like the ramus buccalis and the facial portion 
of the ophthalmicus superficialis ; it corresponds to the branch 
called by Stannius the ramus mandibularis externus of the facial 
of the Plagiostomes. In the lower mammals, therefore, a system 
of branches is sent forth by the facial, which supplies in a regular 
manner the three successive parts of the head towards the 
cranium (cephalad) with dermal sensory organs, namely, the 
chorda tympani to the mandibula, the ramus buccalis to the max- 
illa and the facial portion of the ramus opthalmicus superf. to the 
orbital region. 

6. BOTTCHER repeats his views upon the formation of the 
cochlea against VOLTOLINI. 

8. v. BRUNN recommends his casts for the purpose of in- 
struction. They can be purchased from the mechanic WESTIEN 
of Rostock at fifteen cents a piece. 

1o. The author observed three cases of inflammation of the 
external auditory meatus with green secretions, one of which was 
produced by simple transference. Although no inoculating ex- 
periments with pure cultures were made, a small, thin, and very 
agile bacillus, which develops well at the temperature of the 
room upon gelatine, agar-agar, and potatoes, must almost cer- 
tainly be considered as the cause of the affection. The culture 
grows better upon the superficial layers of gelatine than in the 
lower ones, and causes a gradual downward progressive lique- 
faction with marked green coloring. Upon agar-agar a gray-yel- 
lowish coating develops, the circumference of which takes a 
marked green color. The same process takes place upon pota- 
toes. According to the described qualities, we have to deal with 
the bacillus pyocyaneus, although no toxic qualities have hereto- 
fore been ascribed to it. Gruber considers himself justified in 
believing that ZAUFAL’s cases of “ blue pus” were also due to the 
same bacillus. 

11. The author asks three principal questions to prove the 
causative agents of otitis media: 1. Which micro-organisms appear 
in the secretion of acute otitis media? 2. Do the same micro- 
organisms occur in the tissue of the inflamed mucous-membrane 
of the tympanum? 3. Do we succeed in producing an artificial 
otitis media by inoculation with the pure culture of the micro- 
organism? Two examined cases are communicated as contribu- 
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tion to the answer to the first question. The first case was a sero- 
sanguinous otitis media of three days’ duration. Inoculating 
experiments resulted in a pure culture of FRIEDLAENDER’S Cap- 
sule-bacillus. The second case was a muco-purulent otitis media 
of six days’ standing. The results of the cultivations seem to 
prove the existence of FRAENKEL’S pneumonia coccus. 

13. (a.) Autopsy of a case of malformation of the left ear of a 
new-born child: The auricle is represented by an irregular, long 
thickening, in front of which a small shallow pit is situated. 
In this thickening lies a thin cartilaginous plate. The cartilagi- 
nous auditory meatus is wanting. The annulus tympanicus does 
not exist ; an osseous plate with an indentation directed down- 
ward like an arch, closed by a firm grayish-blue membrane, 
exists in its place. The cartilaginous tube is permeable, the 
osseous one ends blindly in a narrow canal. The tympanic 
cavity is narrowed, especially in its lower part, by dense masses 
of bone ; the malleus and the incus are incompletely developed ; 
the stapes, the musc. stapedius, the windows of the labyrinth, the 
ostium tymp. tube and the musc. tensor tympani are entirely 
missing. 

(4.) Autopsy of a case of bilateral chronic purulent otitis: The 
tympanic cavity on both sides is transformed into a large cavity, 
the walls of which are partly lined with cicatrized mucous-mem- 
brane, partly covered with white masses consisting of many layers. 
The stapedial plate is the only remnant of the ossicles. On the 
left side is a large defect in the posterior wall of the osseous mea- 
tus leading directly into the cavity of the mastoid process. A large 
opening exists in the bone of the right ear 6 mm backwards of 
the spina supra meatum, above which the soft parts are but 
superficially cicatrized. This opening leads into a cavity in 
direct connection with the tympanic cavity filled with masses 
of epidermis shining like mother-of-pearl. These masses of 
epidermis enclose, in the parts corresponding to the antrum mas- 
toideum, a convoluted mass of brownish hair, which is one cm 
long. The sinus sigmoideus is situated remarkably far outward. 

(c.) Phlebitis of the sinus, extending into the proximal part of 
the vena jugularis, and purulent meningitis of the convexity, fol- 
lowing purulent otitis media. 

(d.) Acute otitis—succcessful opening of the mastoid process— 
six weeks after the operation, death with pyeemic symptoms. Pus 
between dura mater and bone; an. organized thrombus in the 
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sinus, a disintregated thrombus in the vena jugularis; the latter 
and the vena facialis surrounded by pus. The bone discolored in 
the sigmoid sinus, but markedly diseased in the osseous meatus only, 

(e.) Extensive caries at the basis cranii with cold abscess of the 
neck. Thrombosis of the right transverse sinus. The cavities of 
both middle ears the seat of purulent inflammation. The author 
supposes that the affection is propagated to the ear from the sur- 
roundings. A direct connection between the two could not be 
proven. 

(7.) Acute otitis media of the left side, resulting in caries of the 
mastoid process and abscess of the neck. Death caused by puru- 
lent meningitis. The course of the disease makes the specimen 
very interesting. On the external surface of the mastoid is an 
opening in the bone, produced by an operative procedure. A 
second opening filled up with granulations and easily permea- 
ble with the probe exists on the inner surface of the mastoid. 
After removal of the dura mater the inner surface of the petrous 
bone is found to be covered with extensive granulations. A sec- 
tion shows that the disease extended directly from without inward 
through the hiatus subarcuatus and the fossa subarcuata. All 
who have seen similar cases will appreciate the full and elaborate 
report of this case. The histories of the cases precede with more 
or less detail the report of the post-mortem examinations. 

14. I. Metastatic carcinoma of the external meatus. The au- 
thor had the opportunity of examining the left temporal bone of 
a patient who had been suffering during life from primary carci- 
noma of the uterus, various metastases, and finally from facial 
paralysis of the left side with neuralgic symptoms. Nothing ab- 
normal was found macroscopically. Sections revealed cancerous 
nests in various parts of the petrous bone, especially in the 
cancellous spaces ; perforation of the porus acust. int., but with- 
out affecting the n. acust. and facialis. The latter was infil- 
trated with cancerous cells and its structure was changed from 
the beginning of the Fa//opian canal beyond the ganglion geniculi, 
into the part of the nerve running backward. ‘The reviewer can- 
not share the almost general belief, that pigment formations at 
certain parts of the inner ear are always pathological. 

II. Contribution to the knowledge of the aquzeductus cochlez. 
The author finds, in opposition to the views prevailing at present 
(SCHWALBE, BOTTCHER) after having examined 21 human pet- 
rous bones, that the membranous canal and the vein have not the 
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same.course in the aqueduct, but that each has a separate canal 
of its own. Therefore he suggests retaining the name “ acque- 
ductus cochlee”’ proposed by CoTuGno, for the ductus perilym- 
phaticus, but to call the canal, in which the vein runs 
‘‘canalis venosus cochlee.” HABERMANN finally mentions a 
number of observations of pathological changes in the aqueeductus 
cochlez ; they are partly published already: a case of transfer- 
ence of the affection from the cavity of the skull to the laby- 
rinth through the aqueeductus cochleze in cerebro-spinal menin- 
gitis, two cases of caseous plugs and seven cases of corpora amy- 
lacea in the aqueduct. He then relates more fully a case of en- 
largement of the acqueeductus cochlee in extensive hydrocepha- 
lus. This change is explained by the increased pressure of the 
liquor cerebralis, which could eventually also produce deafness. 

15. The specimen is taken from a deaf-mute girl, 15 years of 
age who died from phthisis pulmonum : Bilateral complete de- 
struction.of the membranous labyrinth and of the elements of 
both labyrinthian windows ; new formation of fibrous and osseous 
tissue, which appears to be more marked on the left side, where 
also the lesions of chronic purulent otitis media exist. The 
newly-formed osseous tissue originates partly in the endosteum of 
the labyrinthian cavity, partly from direct transformation of the 
newly-formed fibrous tissue. No trace of the semicircular canals ; 
vestibule greatly narrowed ; the mass of the newly-formed osse- 
ous tissue becomes less in the cochlea, the nearer we approach 
the apex. The central nervous system up to the entrance of the 
nerve into the ear is not changed. No disturbances of equi- 
librium were observed during life. 

In the detailed report of the examination of the specimen 
communicated in vol. xxv., p. 46 of the Archiv f. Ohrenhetlk., the 
author reaches the following conclusions: “We have probably 
to deal with a bilateral destructive inflammation of the inner 
ear, which has occurred during the first years of life. The in- 
flammatory process had its primary origin in the inner ear, since 
its greatest intensity was found in the vestibule and in the semi- 
circular canals. The periostitis was secondary and did not ex- 
tend to the upper turns of the cochlea. Both labyrinthian win- 
dows participated, to a great extent, in the pathological changes 
of the vestibule. The trunks of the acoustic and facial nerves re- 
mained unchanged.” After reviewing the existing literature on 
similar cases, the author passes to the discussion of deafness in 
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hereditary syphilis, coucerning which he speaks as follows: 
“There is a kind of primary bilateral otitis interna, which may 
cause complete destruction of the membranous labyrinth. In 
this affection the integrity of the seventh and eighth nerves, and 
of the endocranial structures is proven. The pathologico-ana- 
tomical changes cannot be distinguished from those found in 
other inflammatory processes of the innerear.”’ To these path- 
ological-anatomical changes, clinical observations and reflections 
and a comparison of the two are added. The subject is treated 
in a very careful and ingenious manner, though possibly the con- 
clusions may be too far-reaching. 


b.—NASO-PHARYNGEAL CAVITY. 


1. Berton, C. Contribution a 1’ étude histologique des poly- 
_ pes muqueux des fosses nasales. Paris, 1887. 


5. STRAUCH, PauL. Examinations of a micro-organism in 
the secretions of the naso-pharyngeal cavity. Monatsschr. f. 
Ohrenheilk., etc., 1887. Nos. 6 and 7. 


5. The author was induced to make examinations in this 
direction by Hack, who had always found a characteristic diplo- 
coccus, often in great quantities, in the secretions of the naso- 
pharyngeal cavity. The diplococcus was most frequently found 
in secretions which were not too copious, but were tenacious 
and glassy. It exists therefore in considerable quantity in the 
perfectly healthy naso-pharyngeal cavity, and also in pharyngitis 
sicca, less abundantly in intense mucous or purulent discharge 
and in adenoid vegetations, pharyngitis lateralis and granulosa, 
and very scantily in ozena. It grows very well in pure cultures 
at the temperature of the room, and poorly in the incubator. 
The cultures show superficial and deep-seated colonies of yellow- 
ish color, both of which do not liquefy gelatine. According to 
inoculating experiments on mice and guinea-pigs this diplococcus 
is not pathogenic. Of all known varieties, it resembles most 
decidedly the micrococcus cereus albus. Since the latter does 
not appear as a double coccus, it must be considered as a coccus 
not heretofore known, and one probably transferred through 
the air. 

B.—PHYSIOLOGY AND PHYSICS. 


@.—HEARING ORGAN. 


1. URBANTSCHITSCH, VICTOR, Vienna. On the influence of 
irritation of the fifth nerve upon the senses of touch and tempera- 
ture of the skin of the face. P/liiger’s Archiv, vol. xli., p. 46. 
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2, PANETH, JosEF, Vienna. Some experiments concerning 
the innervation of the aural vessels in the rabbit. Centralbl. f. 
Physiol., 1887, p. 272. 

3. BOTTCHER, ARTHUR. How does perception of hearing 
take place in the cochlea? Letter to PRor. H. SCHWARTZE. 
Arch. f. Ohrenhetlk., vol, XXv., p. I. 

4. GELLE. Physiologie du limagon—réle du limacgon osseux— 
étude expérimentale, C. R. Soc. de Biologie, April 2, 1887, p. 
211. (Rev. in the Centralbl. f. Physiol., 1887, p. 349.) 

5. Tanzi, E. Sulla percezione degli accordi musicali. iv. 
della filosofia sctentifica, vol. vi., March, p. 174. 

6. Preyer, W. The perception of the direction of sound by 
the semicircular canals. Based in part on experiments made by 
K. ScHArER. With five wood-cuts and one lithogr. plate. Archiv 
f. d. ges. Physiol., von PFLUGER, vol. xl., p. 586. 

7. EWALD, Pror. J. R. Contribution to the physiology of the 
semicircular canals, (From the Physiol. Institute in Strassburg.) 
Arch. f. a. ges. Physiol., von PFLUGER, vol. xli., p. 463. 

8. STEINBRUEGGE, DR. H., Giessen. On secondary sensory 
perception. Academical inaugural address, delivered July 9g, 
1887. Bergmann, Wiesbaden. 

9. Hesenus, N. On the relations between the intensity of 
sound and the distance. ¥. d. russ. physiol.-chem. Gesellsch. (7.) 
18, p. 268-274, 1886. (Rev. in the appendix to Wiedemann’s 
Ann., 1887, vol. xi., p. 512. 

to. STARKE, Paut. On the measurement of the intensity of 
sounds. Wunpt’s “ Philosoph. Studies,” vol. iii., p. 264. (Rev. 
in Wiedemann’s Ann., 1887, vol. xX1., p. 215. 

11. MERKEL, J. The psychophysical fundamental law regard- 
ing the intensity of sounds (concluded). Wunpt’s “ Philosoph. 
Studies,” vol. iv., 2, p. 251. (Rev. in the Centralbl. f. Physiol,, 
1887, p. 355.) 

12, Jacopson, L. On the numerical determination of the 
acuteness of hearing with sounding-out tuning-forks. <Arch. f. 
Ohrenheilk., vol. XXv., p. 11. 

13. Jacogpson, L. On the decrease of the vibration ampli- 
tudes in sounding-out tuning-forks. Reprint from the transac- 
tions of the Physiol. Society in Berlin, 1886-1887, Nos. 16 and 17. 


14. CHREE,C. On certain forms of vibration. Proc. Edin. 
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Math. Soc., p. 65, 1885-1886 (Rev. in Wéiedemann’s Ann., 1887, 


vol. xi., p. 495. 

15. PuLtuj, J. Objective representation of the true form of a 
vibrating chord. (From vol. xcv. of the “Sitzungsber. d. kgl. 
Academie der Wissensch.,”’ part ii., February ro, 1887 ; reported 
by the author) ; Wiedemann’s Ann., 1887, vol. xxxi., p. 1033. 


1. It has frequently been observed that the sensibility of the 
auricle and its surroundings is diminished in inflammations of the 
middle ear, that patients complain of a dull sensation on the 
diseased side, that the introduction of a catheter through the 
nose and the passage of the probe through the Eustachian tube 
of the ear more effected is felt with less pain than on the side 
corresponding to the ear less affected ; and furthermore, that with 
an improvement of the condition, the introduction of these instru- 
ments, which at first was scarcely felt, becomes decidedly painful. 
These observations induced the author to make elaborate exami- 
nations of the condition of the sense of touch in inflammations 
of the middle ear. As a result, he found that tactile sensibility 
seemed frequently diminished on the side of the affected middle 
ear, when compared with the other half of the face ; further, 
that the sense of temperature was often found changed, in- 
asmuch as the sensibility to temperature was diminished in one 
series of cases and increased in another. Since irritations of the 
nose or of the ear immediately produce a change of the existing 
condition, the author concludes that the disturbances of the 
senses of touch and temperature occurring in inflammations 
of the middle ear, are probably of a reflex nature due to a 
changed state of excitation of the sensory branches of the Tri- 
geminus, caused by the otitis media. We refer to the original 
regarding the details of the performance of the experiments and 
also the after-sensations of touch and temperature. 

2. If arabbit.(the head excepted) is placed in a hot bath, a 
maximum dilatation of the aural vessels is produced in a short 
time ; conversely, a maximum contraction occurs in a cold bath ; 
these conditions are maintained unchanged throughout the ex- 
periment. Whilst cold or solutions of menthol do not produce 
any contraction of the aural vessels, as long as the body of the 
animal is in the warm bath, direct faradization of the auricle 
does produce such a result. The cold bath has the opposite 
effect upon the vessel. Here nitrite of amyl rubbed into the 
auricle, or touching with high temperatures (50° C.) causes a 
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transient dilatation if scalding does not take place. The author 
extirpated a piece of the sympathicus 1-2 cm long on one side. 
Thereupon contraction took place later on the operated side and 
dilatation earlier. But the influence of the operation was com- 
pletely abolished in the course of a week. From the results of 
these experiments the author thinks that the sympathetic nerve 
probably controls the vascular innervation of the auricle for a 
part of the constrictors, but not for the dilatators. 

3. The author wishes to add, as he promised.in vol. xxiv. of the 
Archiv f. Ohrenheilk, some physiological remarks to his anatomi- 
cal paper concerning the vascular innervation of the cochlea, for 
the present at least in the shape of a short communication. 
BOTTCHER maintains, above all, that the fibres of Corti’s mem- 
brane pass directly into the tract of fibres of Corti’s cells. 
The pedunculated nervous end cells of Corti, stretched in a 
special manner between the membrana tectoria and the membrana 
basilaris, are directly excited by the vibrations of the chords in 
the membrana basilaris. The pillars form an apparatus assisting 
in the paoduction of tension of the fornix papillz and the lamina 
reticularis. The function of the inner hair cells is probably 
different from that of the external cells according to the mode of 
their attachment. The author considers Hensen’s capsule as 
especially important for the proper tone of a special basilar chord. 
DEITERS’ cells probably act as a damping apparatus. The author 
deems it wrong to draw inferences from the vestibular structures 
of lower animals, as regarding the physiological function of the 
cochlea. : , 

4. The author demonstrates by experiment with a model of 
the cochlea, that the vibrations of sound are transferred with great 
intensity to the fluid of the scala vestibuli, and to the hair cells of 
CortTI’s organ, whilst the perilymph of the scala tympani and the 
fibres of the membrana basilaris vibrate to a less degree. The 
part attributed by HELMHOLTZ to the fibres of the membrana 
basilaris is played, according to GELLK, by the hair cells of the 
crista acustica of the cochlea. 

6. The experiments are made in 13 axes of the head, there- 
fore in 26 directions of sound. Of the 650 modes of error 
which are theoretically possible, not more than 200 are ob- 
served. This is explained in the following way: 1. No normal 
observer refers to the right side, a sensation of sound striking 
the left half of the head, and conversely. 2. No normal and at- 
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tentive observer refers a sensation of sound striking the left or the 
right half of the head to the median plane. 3. No normal and 
attentive observer refers a sensation of sound striking any point 
of the periphery of the median plane of the head to the left or 
to the right. The mistakes made in the median plane are ob- 
served with approximately the same frequency in the left as in the 
right-half of the head. Of the twenty-six directions of sound ex- 
amined, right and left, above and behind, and their combinations, 
occur much oftener in the judgment of perception, than in front 
and below and their combinations. The greatest errors of 180° 
occur only in the median plane ; most cases belong to the small- 
est errors of from 35.3° to 45°. From the perception of sound in 
fish, PREYER draws inferences with regard to that in the higher 
mammals, and advances the hypothesis that it is the specific func- 
tion of the ampullz to give a sensation of space connected with 
sound—that is, a sensation of direction, He then discusses the 
pecific functions of the different semicircular canals according to 
the direction of sound which strikes them. If both ears are closed, 
(1) the preference of the directions of sound on the left or right 
side when compared with the others ceases, or is diminished ; (2) 
confounding of right and left with the median plane occurs with 
attentive persons experimented upon just as little as in ordinary 
hearing ; (3) the recognition of the direction of sound is often ren- 
dered more difficult after occlusion of both ears, and the judgment 
is often retarded ; (4) accordingly, the number of exact judgments 
in hearing with the ears closed is decreased as compared with the 
hearing through the air. When the ears are closed, the perception 
of direction is considerably changed in favor of the open ear. 
Examination with faint sounds (to exclude bone-conduction) ren- 
ders exact judgment more difficult. The author finally points out, 
that unequal results must be expected on account of the indi- 
vidual differences of the persons experimented upon. 

7. The examinations were made on birds, both external semi- 
circular canals of which were cut through at one sitting, under 
certain precautions. The.animals were observed one hour, and 
twenty-four hours after the operation. The results were only 
made use of, if they were alike in both observations. 

The experiments gave the following results: After cutting 
through both external semicircular canals, there were very marked 
disturbances in the flight of the swallow ; marked disturbances in 
the flight of the sparrow and in the leaping of the raven ; moderate 
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disturbances in the flight of the pigeon and raven, in the leaping 
of the sparrow, and in the hopping of the raven and sparrow ; 
slight disturbances in the flight of the chicken and in the 
walk of the raven, pigeon, and chicken; Jdarely perceptible dis- 
turbances in the flight, walk, and swimming of the goose, and in 
the standing of the raven, chicken, sparrow, dove, and goose. 
The author concludes from these results of examination, that 
“with a given injury of the semicircular canals, the consequent 
disturbances in birds are the greater, the more difficult it is 
for the separate species to maintain equilibrium in the normal 
execution of the observed movement, and the finer the mus- 
cular movement must be graduated.” The author considers him- 
self justified in extending this law to all classes of animals, pro- 
vided the varying conditions of equilibrium are taken into 
account. The disturbances must be principally considered as 
phenomena of omission, and not of irritation. 

8. STEINBRUGGE undertakes to discuss more fully the phenom- 
enon that there are persons who react to a simple sensory irrita- 
tion with a double sensory perception. He makes uses of the 
cases already mentioned in literature, also of one observed by 
himself, and of the material which FECHNER has obtained in an- 
swer to inquiries, but which has not yet been published. This col- 
lection presents 442 cases of color associations, among which, 
however, 95 cannot be entirely relied upon. By far the largest num- 
ber of the data concerns associations of the vowels with colors. 
Some persons associate tone-quality with colors. The association 
of perceptions of smell and taste is rare. The most important 
part of the paper is the conclusion which is to be drawn from 
these observations, namely, the answer to the question, whether 
we have to deal with real double sensations or with associations of 
ideas in these cases. STEINBRUGGE is right in being somewhat 
reserved on this point, but he is inclined to suppose that in all 
persons associating words or conceptions in their memory with 
colors, direct double sensations existed perhaps originally at an 
early period of life. In later years the disposition of the brain 
which had caused the double sensation may have disappeared, 
but the combination of the sensory impressions might have been 
already so firmly engrafted on the memory, that the associative 
idea of the color returns every time at the recollection of the 
idea, the word, or the vowel. The central process in these phe- 
nomena is explained by the author, by assuming that in excessive 
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irritability of the sensory brain elements, the irritation wave is not 
only conducted to the specific centre, but to greater distances, 
and that such abnormal irritative conditions are the causes of 
the double sensations in the central sensory fields, and above all, 
in the acoustic centres. We urgently refer the reader to the origi- 
nal on account of the extremely interesting observations and 
conclusions.’ 

g. Spherical bells attached to wires were used as sources 
of sound. The same result was always obtained, even when the 
arrangement of the experiment was varied repeatedly: namely, 
that in the open air the-intensity of sound is in inverse propor- 
tion to the square of the distance. Only in distances smaller 
than ten paces this law was found incorrect and the results not 
quite positive. The author concludes from his experiments, that 
at small distances, the theoretical law of the square is incorrect, 
and tries to explain VIERORDT’s results in the same line, upon 
this basis. 

10. As the subjective estimation of sound-intensity is very 
uncertain and besides is dependent upon the succession of the 
sounds to be compared, the distances through which two balls of 
like weight must drop, in order to cause barely perceptible differ- 
ences in the sounds produced are first determined. The examina- 
tion gives the same values, if instead of one ball, two or three are 
allowed to drop from $ or 4 of the original height. The hypothesis 
is therefore confirmed, that the sound-intensity is proportional to 
the energy of the movement producing the sound. The author 
also concludes from his experiments that WEBER’s law holds 
good for sound-intensities within very wide limits. 

11. By his own experiments, the author arrives “at a complete 
confirmation of WEBER’s law within wide limits.” 

12. JACOBSON defends the standpoint regarding the examina- 
tion of hearing, which is sufficiently known to every reader of 
these ARCHIVES, from the papers treating of this subject in the last 
numbers. In order to form an opinion of one’s own, it is neces- 
sary to read all the originals and to compare them. I wish 
only to point out with what skill the author imputes asser- 
tions to his adversaries, in order to refute them. I consider such 





1 I recommend to those who are interested in this subject, the perusal of the 
interesting book : ‘‘ Inquiries into Human Faculty and its Development,” by 
FRANCIS GALTON (to whom we are indebted for GALTON’s whistle). There 
is, on p. 145, an interesting chapter on Color Association, and plate iv. con- 
tains a number of chromo-lithographic diagrams of color association. —Moos. 
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a proceeding as a dialectical accomplishment, but not scientific 
labor. 

13. The experiments were made at the Physiological Institute 
in Berlin, for the purpose of testing HENSEN’s assertions that the 
decrement of the vibrations of tuning-forks does not take place in 
geometrical progression. but in such an irregular manner that it is 
not suited for examination of hearing. Jacobson attached a fine 
writing-point to the end of a prong of a tuning-fork, and so 
recorded the vibrations directly on sooted albuminated paper 
stretched upon arotating drum. As the tone dies out, the decre- 
ment constantly becomes greater. Since the phenomenon was 
attributed to too great resistance of friction, he recorded directly 
upon the polished and sooted metal cylinder. This improved the 
results : ‘‘ Although the reported experiments did not result in es- 
tablishing a mathematical exactness in the decrement of the vibra- 
tions of the tuning-fork, taking place in a geometrical progression, 
still the difference of my results and those which are to be expected 
theoretically is so slight, that it can be overlooked for the practical 
purposes which I have in view, namely, the determination of 
acuteness of hearing in ear-patients.” Believing that in this method 
of examination also, errors of observation could be avoided, 
the author began to photograph the vibrations, demonstrating 
some plates after his lecture. He promised to report later the 
results of this method. At any rate, it is remarkable, that Jacob- 
son recedes somewhat from his former rigid standpoint regarding 
the examination of hearing. 

14. If an elastic ball vibrates in an incompressible fluid, the 
amplitude of the vibrations transmitted to the latter is indepen- 
dent of density and is inversely proportional to the square of the 
distance from the centre. If the vibrations of the ball are those 
of a proper tone, the changes of pressure in the fluid are propor- 
tional to its density, no matter whether the fluid is incompressible 
or gaseous. This holds good also if the ball is replaced by a very 
long cylinder, supposing that every particle of a transverse 
section has a movement of vibration situated therein and 
vertical to the axis, the amplitude of which depends only on the 
distance from the axis. There results only the one change, that 
in an incompressible fluid the amplitude of the transmitted vibra- 
tion is inversely proportional to the distance from the axis (not to 
its square). If the cavity of a hollow ball or of a very long hollow 
cylinder is filled with a gas, proper vibrations can only occur 
if the density of the glass is very slight. 
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15. By means of a phosphorescent lamp construed by Putuy 
and brought to a glow by the induction current of RUHMKOFF’s 
apparatus, a vibrating thread can appear to the eye as a fixed 
wavy line, or as one slowly vibrating, according as the movement 
of the induction hammer coincides entirely or at constant inter- 
vals with the number of vibrations of the chord, or differs from it 
to a slight extent. 


¢.—NASO-PHARYNGEAL CAVITY. 


1. ASCHENBRANDT, TH. The importance of the nose for 
respiration. Wiirzburg, Stahel, 1886, 25 pp., with one plate. 

2. Kayser, R. The importance of the nose and of the 
first respiratory passage for respiration. Withone plate. Arch. 
d. ges. Physiol. Pfliiger. Vol. xli., p. 127. 

3. May, K. On the faculty of smell in crabs, together with a 
hypothesis on the analytical action of the olfactory hairs. Inaug. 
Dissert. Kiel. 

4. Romanéks, J. Le sens de l’odorat chez le chien. ev. 
sient., 1887, vol. ii., p. 214. 

1. Under Fick’s guidance, ASCHENBRANDT examined the tem- 
perature of the air passing the nasal meatuses, its degree of satu- 
ration with vapor, and how much it is purified from suspended 
particles in its passage. Each experiment lasted thirty seconds, 
the amount of the transmitted air being five litres. Air of 8° to 
12° C. is heated to 30° in the nose. It is fully saturated with va- 
por according to its temperature, so that the mucous membrane 
of the nose discharges over 526 grm. water within twenty-four 
hours. The coarser particles of dust do not reach the lower 
respiratory passages in considerable quantity. The nose does not 
afford any protection against tobacco smoke and vapors of volatile 
bodies. 

2. KaysER repeated Aschenbrandt’s examinations in GSCHEID- 
TEN’s laboratory, and extended them by including also the 
mouth and the naso-pharyngeal cavity. He gets upon the whole 
the same results for the nose as Aschenbrandt. The air. passing 
through mouth and pharynx is warmed about half a degree less 
than in passing through both nostrils. The absorption of water 
is somewhat less in the mouth in proportion to lower tem- 
perature. Even when the velocity of the stream through the 
nose or through the mouth and pharynx is doubled, the air 
reaches almost the same degree of temperature and the same 
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amount of saturation with vapor in proportion to the temperature. 
Kayser controls these results in a heater, and arrives at the fol- 
lowing conclusions : 1. The warming and moistening of the air 
passing through the nose, etc., are caused in the first place by the 
physical properties of the air; 2. It is probable that at low 
temperature of the atmosphere, and especially with a rapid speed 
of the air current, certain physiological processes come into play 
in the mucous membrane of the respiratory tract in favor of a 
highest possible warming and a proportional saturation with vapor 
of the inspired air. We can easily suppose that these physiological 
processes consist in increased afflux of blood, etc. ; 3. The results 
obtained by the physical experiments allow us to extend our con- 
clusions to the physiological efficiency of the trachea and the 
bronchi, which cannot be experimentally determined on the living. 
Kayser, in his experiments upon the purification of the air from 
dust in the nose, found that a certain amount may even reach the 
lungs, provided the dust be present in large quantity. The greater 
part remains attached to the posterior wall of the pharynx as the 
particles retain their original direction. 





REVIEW. 


Text-Book of Otology, with Special Reference to 
Anatomy and Physiology. By Prof. Dr. JoszEr GRuBER, 
Vienna. Second edition, entirely rewritten and enlarged. With 
150 illustrations, and two chromo-lithographic plates. Vienna : 
Carl Gerold’s Sohn, 1888. Reviewed by Gustav BRUNNER, 
Ziirich. Translated by Dr. Max Torpiitz, New York. 

I undertake with pleasure, the task of writing a short review on 
the second edition of GRUBER’s text-book. 

The entire appearance of the work—the paper, the printing, 
and the illustrations—are excellent ; the 150 wood-cuts are very 
distinct, and the two chromo-lithographic plates containing 70 
pictures of the membrana tympani belong to the very best that I 
have thus far seen, and—what was formerly lacking—they are all 
numbered and explained. In consideration of the sumptuous 
appearance of the book, the price of 15 77. (about $6) is very rea- 
sonable but still high enough to prevent many students from pur- 
chasing it. There exists, ¢.g., an illustration of the rubber ball, 
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of the aural catheter, etc., and the anatomy of the ear is treated 
with an amount of detail in 126 pages, with 56 illustrations, that 
a text-book of histology could be proud of such a description. 
Although the reviewer’s experience has taught him that the pre- 
paratory knowledge of anatomy and physiology of his hearers 
is not usually sufficient for clinical work, it is questionable, at least 
from the point of expense, whether such a detailed treatment of 
the anatomy were necessary. It is true that this book is, ac- 
cording to its whole plan (656 pages) not a mere guide for begin- 
ners, but a complete text-book for careful study,—a reference 
hand-book, in which the author gives the best, and above all, his 
own experience, collected whilst occupying a prominent position 
during a great many years. The extensive index of authors 
gives evidence of the fact that the labors of others have also 
been made use of. 





MISCELLANEOUS NOTE. 


STEEL ENGRAVINGS OF THE LATE DR. C, R. AGNEW. 


At the last meeting of the Ophthalmological and Otol- 


ogical Section of the New York Academy of Medicine, the 
following motion was made and carried : 


“ That a committee be appointed, of which the chairman of the 
section, Dr. Davip WEBSTER, be a member, whose duty it shall 
be to obtain a good photograph of the late Dr. Cornelius R. Ag- 
“ new, for the purpose of having engravings suitable for framing 
made from this. The right of issue and sale of such engravings 
shall be given to some first-class publisher, if practicable ; if not, 
the committee shall offer them to the profession at cost.” 


In accordance with the above, a committee has been ap- 
pointed. Members of the profession who desire such an 
engraving accompanied by an autograph signature, should 
send their names and addresses to the Secretary of the 
Committee, Dr. CHARLES H. MAY, 640 Madison Avenue, 
New York City at once. When all such names shall have 
been recorded, those who have requested a copy of the en- 
graving will be notified of the cost of the same, either by the 
publisher or by the committee having the matter in charge. 
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NOTICE TO CONTRIBUTORS. 





The editors and publishers of the ARCHIVEs beg to offer some 
suggestions to authors who propose to favor them with their con- 
tributions. . 

1. As original communications the ARCHIVES can accept only 
sucn papers as have never been printed nor are intended to be 
printed in other journals. If a preliminary communication on the 
subject of a paper has been published, the author is requested to 
state this in the letter accompanying his manuscript. It is under- 
stood that contributors to these ARcHIvEs and editors of other 
periodicals will make no abstracts of the original papers published 
in this journal without giving it due credit for the same. 

z. Authors will receive gratuitously twenty-five reprints of 
their articles. Ifa greater number is desired,—notice of which 
should be given at the head of the manuscript,—only the addi- 
tional cost of presswork and paper will be charged to the author. 

3. In preparing manuscript for the compositor it is requested 
that the following rules be adhered to: 

a. Write on one side of the paper only. 

4. Write without breaks, 7. ¢. do not begin a new sentence on 
anew ine. When you want to begin a new line or paragraph at 
a given word, place before it in your MS. the sign 4. 

c. Draw a line along the margin of such paragraphs as should 
be printed in smaller type—for instance, all that is clinical history 
in reports of cases, etc. 

@. Words to be printed in zéa/ics, should be underscored once, 
in SMALL CAPITALS twice, in LARGE CAPITALS three times. 

4. Authors may receive proofs for revision if they will kindly 
return them without delay. We beg however to remind our con- 
tributors that changes in the copy are equivalent to resetting, 
causing so much additional expense. We therefore request 
them, to make, if possible, no alterations at all in their MSS., 
or, at least, to limit these to what is of essential importance 










